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NERVA PROGRAM
RELIABILITY PROCEDURE

NUMBER: RIOI-NRP-700 REVISION

EFFECTIVE DATE:

30 September 1970 CATEGORY 1II
SUPERSEDES:

COMPONENT SPECIFICATION NUMBER:

RELIABILITY REQUIREMENTS DATE.

APPROVED BY:

O somette>

1.0 PURPOUSE

This procedure will detail the component specification reliability requirements for suppliers

to follow in order to achieve assigned reliability apportionment nwnerical values.

2.9 APPLICABLE DOCUMENTS
2.1 Reliability Program Plan, Data Item P.-101
2.2 Subcontractor and Vendor Reliability Plan, NRP-70:
2.3 Vendor Rating and Control System and Reliability Audit, NRP-702
2.4 Parts and Materials Data Selection and Control System, NRP-704
2.5 Identification and Control of Trend Characteristics, NRP-506
2.6 Develcpment and Implementation of Trend Data Monitoring System, NRP-507
2.7 Analysis and Verification of Trend Characteristics, NRP-508

2.8 Reliability Data Collection and Reporting System, NRP-703

2.9 Comporent Failure Mode Analysis, NRP-301

2.10  Single Failure Point Reporting Analysis, Correction and Closeout, NRP-306

2.11 Reliability Apportionment, NRF-303

2,12 Failure Resolution Board Charter for Operation of the NERVA Program Failure
Control System, M001-GOP03-W26lal

3.0 POLiCY

3.1 NERVA specifications will include reliability and trend data analysis requirements,
assigned component reliability apportionment numerical values, and a useful life requirement. In
addition, the specifications will require the methods of assessing the reliability, failure reporting and
analysis and documentation of time and cycle data.
4.0 PROCEDURE

4.1 Requirements

4.1.1 The component specification will specify a total operating and non-operating life

requirement,
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4.1.2 The component specification will state a numerical reliability apportioned

value for the total ugeful life and the associated environment,

4,2 The cornponent specification shall require the following methods of assessment:

4,2.1 A detailed Failure Mode Analysis (FMA) will be performed per NRP-301.
The FMA shall identify mechanisms of failure in order to assure that proper analysis or testing has
or will be conducted to evaluate the mechaunism, The FMA provides the basis for screening the

critical failure modes which will be subjected to a probabilistic design analysis for assessment,

4.2.2 Trend Data Characteristics will be identified, reported and analyzed per
NRP-506, 507 and 508,

4,2.3 Single Failure Points (SFP) shall be identified, reported, analyzed, corrected
or closed out per NRP-306,

4.2,4 A preliminary ranking and apportiomnent of the component reliability
allocation to the detailed piece part level shall be prowided per NRP-303,

4,2.5 Assessment at the piece part level using anzlytical methods should follow the
guide lines of the NRP-400 series procedures.

4,2.6 Assessment by testing will generally require the following:

(a) Use of statistically designed acceptance testing in order to estimate
the expected mean and variance of each measured response variable, This requires an examination
of the expected flight environments and their levels which will aifect the response variables of
interest, In addition, estimates are required of the precision and accuracy of the test instramentation
used in measuring the response variable, the extent of the interactions that can be expected among

the imposed environments, and the expected repeatibility of the response variables,

(b) Determination of the functional relationship between measurable
response variables, This requires an analysis of how shifts in one response variables eifect the

other response variables. A detailed failure mechanism may assist in this determination.

(c) Definition of the boundaries of cach respense variable, outside of which,
external compensation is required to prevent engine system failure. For response variables where
continuous measurements during a test are available, estimates of the mean and variance may be
derived from each simulated thrust cycle, For response variables with single data measurements
per test, the results of several successive tests may be grouped to provide estimates of mean and

variance,
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ERVA PROGRAM PROCEDURE NO:  RIOI-NRP-700

(d) Determination of the probability of not exceeding the limits on each
response variable. Combine the probabilities using a component math model which depicts the

response var.able relaticaships.

{e) Acceptance of the design if the part is more reliable than the reliability

requirements and a redesign if the part does not meet the reliability requirement.

if) Definition of a qualification test program which will evaluate component
ability to meet the useful life and maximum environmental exposure. These tests verify changes in
probability of meeting the engine limits as a function of time cor cycles, Changes in reliability as a
function of time or cycles would he indicated by shifts in means and/or variance. More than one

mission duty cycle per component may be required in order to statistically define these shifts.

4.3 During development, acceptance or qualification testing where a failure occurs, a
Departure Report shall be generated and transmitted to ANSC Failure Resclution Board (FRB)
Secretery. In addition, a Failure Analysis Report with the corrective action will also be conducted
and submitted to the FRB Secretary per M001-GOP03-W26lal,

4.4 Detailed time and cycle reccrds shall be maintained for any parts subjected to
functional tests. The records shall be identified by part number and serial number of the part
undergoing the test, test type and date. These records will be forwarded to ANSC Reliability ina

timely manner as specified in NRP-703,

5.0 RESPONSIBILITY

5.1 Systems Engineering will be responsible for defining the design requirements

consistent with system operation,

5.2 Reliability will assign component reliability apportioned numerical values, will
assist the designer in establishing methods of reliability analysis and statistical test planning, and
will ascure that the reliability requirements and method; of assessmeut are incorporated in the

specification,

5.3 The cognizant component design engineer is responsible for the assessment of the
reliability of the component and proper analysis of all failures. In addition, the design engineer is
respon.ible for those Procurement documents specifying the methods of assessment which will be

performed by the vendors,

5.4 Quality Assurance is responsible for deccumentation of failures and time and cycle

recording,
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NERVA PROGRAM NUMBER: RIOI-NRP-701 REVISIGN

RELIABILITY PROCEDURE EFFECTIVE DATE:

30 September 1970 CATEGORY 111

SUPERSEDES:
SUBCONTRACTOR AND VENDOR NUMBER:

DATE:
RELIABILITY PLANS

1.0 SCOPE

This document s is forth guidelines for sukcontractors and vendors of the NERVA prime (ANSC)
and major subcontractor (WANL) who are required to prepare reliability pla. s.
this document is established in R-101, Reliability Plan,

The requirement fer

2.0 APPLICABLE DOCUMENTS

2.1 Data ltem R-101, Reliability Plan
2,2 NRP-700, Component and Procurement Specification Reliability Requirement

2.3 NERVA Program Procedure, m001-GOP03-W26lal, Failure Resclution Board Clarter
for Operation of the NERVA Program Failure Control System.

2.4 Data Item P-017, Quality Control Fian

3.0 POLICY

3.1 General

NERYVA engineering is responsible for ensuring that the reliability of system elements
obtained from subcontractors meets the reliability requirements of the engine system., ANSC and WANL
Reliability is responsible for ensuring that all subcontractors and vendors perform the required
reliability activities delineated in R~101,

3.2 Suppliers to ANSC and WANL Requirements

All elements of the NERVA engine system, designed aud built to ANSC and WANL require-
ments by a subcontractor, shall have applicable numerical reliability requirements and the methods of
demonstrating compliance to these requirements included in a specification covering the design and
performance requirements for that itemm., Each supplier shall develop reliability methods and procedures

which shall comply with the specification requirements hereir, and oblain ANSC or WANL Reliability
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ap.proval prior to fabrication of the first article. The method to be followed in determining these
requirements is outlined in NRP-700,

3.3 Suppliers of Items Fabricated to ANSC and WANL Designs

For elements of the NERVA engine subsystemn, fabricated to designs furnished by
ANST or WANL, the design reliability is an ANSC or WANL Reliability responsibility, The supplier
shall be responsible for providing assurance that his end product satisfies the reliability require-
ments specified in the purchase order, Reliability shall assure that the purchase order imposes the

reliability and failure reporting requirements,
3.4 Suppliers of Standard Parts, Comn.ercial Parts and Materials

Reliability shall be responsible for reviewing design documents prior to release to
ensure that standard parts, commercial parts and materials are selected for use in the NERVA
engine system on the basis of proven qualification of each part/material for its application(s).
When adequate commercial specifications do not exist (as determined jointly by Reliability and
Engineering) specifications shall be prepared for any part or material usecd in the NERVA engine

system. Specifications shall include applicable reliability, mission and packaging requirements.
Where adequate applicable qualification data are not available, Enginceriag shall
design and monitor the conduct of qualification tests with Reliability review on the materials and
parts, The qualification test shall be designed to establish the test article's adequacy in meeting
specification requirements and to develop acceptance test criteria. Qualification status of parts

and materials shall be reported in the qualification status list prescribed in R-101,

All material and part specifications and test plans for parts prcposed for qualification

testing shall be submitied for SNPO-C review prior to release.
4,0 PROCEDURES
4.1 Control of ANSC and WANL Reliability Program

Control of the WANL Reliability Program will be as specified in Reliability Plan,
R-10l, and as indicated below.

4.2 Control of Supplier's Designing and Building to ANSC Requirements.
4.2.1 Design Requirement Specifications

ANSC or WANL reliability, as applicable, will provide the reliability

requirements for supplier end items. This will include a numerical statement of the reliability to
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be demorstrated and a statement of the minimum reliability test and analysis program which mnst be
satisfactorily performed to demonstrate product adequacy. The program requirements will be
defined by reference to design and performance specifications. The ANSC Reliability Manager or
his designee will review all applicable design documentation (drawings, specifications, etc.) prior
to final approval by ANSC Reliability to assure that the reliability and demonstration requirements
are adequately and properly stated.

4.2.2 Supplier's Reliability Plan

Supplier reliability plans, where required, will be submitted for Reliability
review and approval prior to fabrication. Changes to supplier plans will be negotiated and formal
approval forwarded via the cognizant ANSC or WANL buyer. Typical subjects 1o be covered in the
plau are enumerated as follows:

a. Relationship of Prograin Elements to the Reliability Program

t. Program Scope and Requirements

c, Reliability Data Item Requirements

d. Management for Reliability

e, Design-Reliability Methodology

f. Probabilistic Design Analysis and Reliability Prediction (failure mode

analysis, failurc-probability, modeling, predictions, methods}

g. Supporting Reliability Analysis {apportionment, materials selection,

parts application, data, maintainability, training)

h, Testing, Reliability Evaluation and Manufacturing Control
{statistical test planning and test plan review, trend data,
failure reporting, analysis and corrective action and

assessment)

4,2.3 Supplier Progress Reports

When required, periodic progress reports will be reviewed by Reliability

and comments forward to the cognizant buyer for transmittal to the supplier within five working days,
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4.,2.4 Monitoring the Supplier's Program

Reliability will furnish Quality Control and Purchasing with a listing of
significant design features, along with development, qualification or acceptance tests, manufacturing
process, etc,, which have particular reliability significance, so that the assigned ANSC Supplier

Quality Representative (SQR) may give such items the necessary attention at the surplier's facility.
4.2,4.1 Failure Reporting, Analysis and Corrective Action

Failure reports originated by suppliers will be reviewed by
NERVA Reliability to evaluate the aralysis and corrective action to assure that the reliability of
the supplier's end item will not be degraded, FRB will approve all corrective action prior to
implementation, When necessary, Reliability will negotiate through the cognizant ANSC buyer to
impose additional requirements or additional corrective action to improve or restore the reliability

of the supplier's product, (Refer to paragraph 2.3)
4,3 Control of Suppliers of Standard Parts, Commercial Parts and Materials

4.3.1 During review of design documents prior to Reliability approval, the
cognizant Reliability engineer will aid in ascertaining that standard parts, commercial parts, or
materials specified therein, have been qualified for the intended use. Unqualified parts/materials
will undergo a qualification program to satisfy the requirements of paragraph 3.4.

4,3.2 Reliability will review all qualification test data to ensure that the item
under test will not degrade the reliability of the assembly, component or system in which it will

eventually be used.
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NERVA PROGRAM NUMBER: K1f1-¥RP-702 REVI.
RELIABILITY PROCEDURE EFFECTIVE DATE: -

111
30 September 1970 CATEGORY
SUPERSEDES:
NUMBER:
VENDOR RATING AND CONTROL AND RELIABILITY AUDIT DATE:

APPROVED BY:

Th o

1.0 PURPOSE -

The procedure will describe vendor reliability pre~evaluation techniques, required vendor reliability
control systems, and formal and impromptu vendor reliability audit systems, The requirements for this locu-
ments are set forth on Data Item R-101, the Reliability Program Plan.

2.0 DOCUMENTS

2.1 Data Item R-101 Reliability Prcgram Plan
2,2 NRP 700 Component and Procurement Spccification Reliability Requirements
2.3 Data Item P-017 Quality Control Plan

2.4 NRP 701 Subcontractor end Vendor Reliability Pians

3.0 POLICY

.

3.1 NFRVA reliabjility is responsible to ensure thet NERVA system elements reccived from sub~

contractors meet the reliability requlrements of the NERVA engine system, This shall include the nuciear
subsystem contractor.

3.2 The reliability systen of all subcontractors shall be evaluated by ANSC reliability, con-
sistent with the level of engineering effort, prior to placement of contracts for NERVA system elements,

3.3 During the course of a subcontractors activities on a contract for a NERVA system element,
a reliability control system will be conducted consistent with the level of engincering effort.

3.4 A system of formal and inpromptu audits of a subcontractor will be conducted consistent
with the level of engineering cffort required.

4,0 PROCFDURE

4.1 Pre-evaluation of candidate s o.on.ractor Reliability
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4,.1.1 Evaluation of candidate subcontractors shall be based upon records of relia-
bility performance, existence and adequacy of reliability proccdures and, as necessary, an on-site

survey o° the suppliev's reliability cystem,

4.1.2 Results of the evaluation shall be documented and provided to the NERVA
Prime and Subcontractor Adaministration for use in selection of subcontractors, and will be available

to SNPO-C for review,

4,1,3 A candidate subcontractor shall have an identifiable and functioning reliability

effort.

4.1.4 The physical plant of the candidate subcontractors shall reflect the effective

influence of a reliability swvstem,

4.1.5 The candidate subcontractor shall have qualified reliability personnel in

adequate numbers to perform the retiability function -equired.

4,1.6 The faflure reporting, analysis and correction system shall be subject to

approval by ANSC reliability.

4.1.7 An internal reliability auditing system is required, Results of audits shall

be asvailable. Necessary corrective efforts and results shall be documcnted.

4.1.8 An effective vendor reliability rating, control and audit system shall be iIn

effect,
4,2 Gontrol of Subcontractor Reliability
4.2.1 A reliability plan is rcquired and shall be subject to approval by ANSC reliability
4,2,2 Periodic reliability progress rcports to ANSC reliability are required,

4,2,3 The subcontractors reliability program will be menitored routinely by the
assigned ANSC supplier quality representative,

4,2,4 An ANSC relfability represrntative shall have the right to attend but not
participate in subcontractor ERB/MRB/FRB meetings.

TN
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4,2.5 Reports of analysis of reliability problems shall be submitted. ¢ specific
re, ort way be requested by ANSEC reliability, The results are subject to approval by ANSC reliability.

4,2.6 Changes to r.iiability procedures, crganizetion, program plan ard physical

plant concerned shall be subject to approval by ANSC reliability.

4,2.7 Formal or impromptu reliability audits may be conducted by ANSC relisbility

in accordance with Sertion 4.3,

4.3 Subcontractor Reliability Audit System

Formal or impromptu reliability audits may be held of the subcontractors reliability
program by ANSC reliability provided reasonable notice is given the subcontractor. Audits may evaluate

adequacy of the following 1f required:

4,3.1 The reliability progran plan,

4,3.2 Implcmentation of the reliability program plaen.

4,3.3 Neliability progress reports,

4.3.4 The failure reporting, analysis and corrective action system,

4,35 The relisbility organization.

4.3.6 The internal reliability auditing system.

4.3.7 The supplier reliability rating, control and audit system.

4,3.8 Religbility procedures.

4.3.9 Reliability contributicns to and approval of tert planning including statistical
techniques,

4.3.10 Reliabfility apportionments, agsscssments and predictions,

4,3,11 Reliabilit® athematical modeling,

4.3,12 Reliability inputs to specifications,

4,3.13 Materials properties determination with consideration of statistical
distributions,

4.3.14 Reliability data acquisition system and historical data records.

4.3.15 Determination and records os failure rates.

4.3.16  Reliability irput and influence upon design.

4.3.17 Reliabtility contributions to .rade studies and redundancy studies,

4.3.18 Part and materials application.

4.3.19  Safety study support including hazard analysis ana fault crece analysis,

4,3.20 Computer modeling of reliability problems,

4,3.21  Relfability trainiu3 program including design reliability techniques.

4,3,22 ¥FMECA/FMA studies.
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1.0 PURPOSE

A central reliability data file has long been recogn:ized as being essential 1o realistic assessment
of current project reliability levels. The need for support to an effective closed loop failure reporting
and cerrective action jysten: 1s paramount to diminish potential cost impact. In addition, the reliak:lity
data file prevides an invaluable source of facis to support Reiiability/Design Methodology.

The purpose of this procedure is to provide the methods by which the reliability data collection
and reporting system (REDCRS) shall effect the accumulation, storage and dissemination of reliability
dat2 in the NERVA Program. It delineates the responsibilities for Engincering, Mancfactoring, Quality

Assurance, Test Division and other space systemns support groups.

Le requirement for this procedure is set forth in Data Item R-10!, The NERVA Reliability

Program Plan.

2.6 APPLICABIE DOCUMENTS

2.1 NERVA Reliahility Program Plan, Data Iter 2101

2.2 NERVA Product Assurance Program Plaa, Data Item P-017

2.3 Reliability Allocations, Assessments, and Analysis Repori, Data Item R-202

2.4 NERVA Trend Data Implementaticn Plan 785C-0742,

2.5 Failure Summary Reports, AFSCM/AIFLCM 31C-~1 R-~105.

2.6 Single Failure Poist Reporting, Analysis Correction and Cleseout, Proccdurz NRP-306.
2.7 Glossary of Reliability Terms, Procedure MRP-307,

2.8 Reliability Review of Test Plans, Procedure NRP-501

2.9 Failure Analysis and Corrcctive Action., Procedure NRP-504

2.10 Tdentification and Control of Trend Characteristics, Procedure NRP-506

2.1 Dcvelopment and implemrentation of Trend Characteristic Monitoring Systems, Procedure

NRP-507,

2,12 Analysis and Verification of Trend Characteristics, Procedure NRP-508.
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{ERVA PROGRAM PROCEDURE NO: RI0I-NRP-703

2,13 Component and Procurement Specification Reliability Requirements, Procedure NRP-700

2.14  Subcorntractor and Vender Reliability Plans, Procedure NRP-701

2.15 Parts and Material Selection and Control System, Procedure NRP-704

2.16  Reliabiiity Test and Evalcation Plan, Data Irem R-106 -

(£

17 Test Reporis, Data item T-119

2.18 NERVA Program Failure Control System (FCS), Data Item M-00)

v

.19 NERVA Data and Document Managemzat Ccntrol Plan, Data Item C-100
2.20 NERVA Configuration Management Plan, Data Item C-018
3.0 POLICY

3.1 A NERVA REDCRS will b developed and maintained by the prime cortractor and the
principal subcontractor. The REDCRS will be established in conjunction with the quzlity assurance data
boox and will be a satcllite subsystem of *he NERVA. data manigement systemn. The REDCRS wi'l be

instituted coincident with (l.c aporoval of this procedure.

3.2 The REDCRS w:ll develop the rationale for the structuring of a large dynamic data base
in the assimilation ot experience in design, manufacturing, test, flight, and checkout of *he ergine

hardware and supporting equipment,

3.3 The majo1 clements of the REDCRS will assist an inquirer in defining his information
necds as set forth in this procedure and the Reliability Data Index in order to provide management with

supporting evidence in decision making.

3.4 A reper'cire of generalized system opcerations will provide the REDCRS with the
capability to modify data elements and its descriptive parameters to accomodate new data items or

relationships in aljusting to changing requirements and vperational experience.

3.8 The REDCRS staff will assess the precise data iternis needed and the mechanism for

retrieving selected data to mect on-demand requirements,

3.6 A computerized data file will provide REDCRS with the capacity to show interrelation-
ships among the variety and complexity of rcliability data items through an auatomated data input, storage,

nrocessing, retrieval and output system developed by software methods,
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4.0C DEFINITION

4.1 AVCO Fa:lure Rate Data

The failure rate data developed by AVCO Corporation of Wilmington, Masscachusetts
for all types of compozents in effor*s of advancing reiiability standards in predictions and assessments.

€.

93

.: The REDCRS provides Rehability Engineering - ith the lower, mean and upper

Iimit failure rate of cservo motors 1n failures per mullion hours.

%.2 Configuration and Traceability Data

A Coafiguration and Traceability ( C & T) List defines the "as built' conf'guration of Lhard-
ware to be delivered or tested and incorporates a histing of replaced items by part name, part number and
serial number identilying the relationship of 2all parts to the conformance with the configurations required
Ly the Ergineering Parts List (EPL/CEPLY.

e.g.: An indentured Engine Parts List identi{ying by part and drawing nuinber, the part
name, quentity, part serial/or lot number, drawing change letiers and ergineering orders to which derail
paris, subassemblies, and tre assembly were mancfactured with reasons {or replaced items sach as:
limited life expended, replacement due to change letier, part failed during operation or test with applicable

Failure Arnalysis Report Number,
4.3 End-Item

A corabination of parts, assemblies, or aitachinents, which are integrated “o form an
ecuipment that accomplishes a specific fanction when utilized. The supplier's end item will be identified
upon completion of Engine PDR, or as mutually agreed upon by ANSC and AEC-NASA:

e.g.: An end-item is completc wathin itself, delivered as a unit, and classified as such
for purposes of separate manufacture, procurcment, drawings, specifications, storagr, issue, main-

tcuance or use,

4.4 End Iter Acceptance Data Package

Documentation required for the acceptance of each end item compiled from engineering
release drawings, test records, reliability failure history and time,'cycle records, specification
references, and quality control verified fabrication and inspection records;

e.g.: Records of operating time/cycles of an individua! data package as part of the end
item data package for each system tested reflecting both accrued operating time and/or cycles and

remaining useful life.

4.5 Failure Rate Data

Failure Rate Data (FARADA) is a composite data {ile of variable number of failure

prohabilities as derived from the number of component failures in a population divided by the number
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NERVA PROGRAM PKOCEDURE NO: RIOI-NRP.703

of unit attempts:
e.g.: Unless indicated otherwise, the "Failure Rate' of a component is given in failures

per raillion parts-cycles, -hours or -trials.

4.¢ Failure Rate Data Program

The Failure Rate Duta (FARADA) Program is an inter-agency sponsored effort to promote
and implemen? (he exchange of failure and failure mode data on pa.rts/'compo_nents generated during per-
{ormance demornstration testing. The FARADA Program 1s administered by the FARADA Information
Center at the Nzval Fleet Missile System Analysis and Eveluation Group, Coroua, California;

e.g¢.: The REDCRS FARADA Coordinator is cognizant of all incoming program material,

hardbooks, revisions, format changes, and is conversant with the data contributed by NERVA Reliability,

1.7 Interazency Data Exchange Program

The Interagency Data Exchange Program (IDEFP) is a2 cooperative government activity
created to provide automatic interchange of parts/components test data among government contractors
and agencies for the purpose of reducing duplicate vexpenditures in the selection and testing of non-
standard parts for improving system reliability. It is sponsored by the Army, Navy, Air Force, NASA
and CAMESA in a coordinated effort for promoting high reliability contractor sgecifications on parts;

e.g.: The REDCRS supplics NERVA Reliability and Design Groups with supporting

evidence in parts-use justifications for NERVA Design inquiry requiremenrts,

4.8 Non-Operational Limited Life Items Records

Records containing information relative to the remaining useful life of all non-operational
lisnted Life items contained in an end item indicating unit total life, installation date and rerlacement due
data with proper ideutification including next higner assemblv;

e.g.: Potting compound in the c¢lectrical connector assembly of the valve and actuator

asscmbly systems could prodace a limited storage life.

4.9 Operating Cycles

The number of times an item completes one set of events or phecnomena recurring within
the same sequence ‘ operation;

e.g.: On-Off, Open-Closed sequences or portions thereof.

4.10  Operational Cycle

The initiation and establishment of new conditions followed by a return to the conditions

that prevailed at the beginning of the cycle which may result 1n one or more stress cycles;
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e.g.: OStart-up and Shut-Down are a cycle,

4.11 Operational Data

Copies of Acceptance Test Data Sheets reflecting variable acceptance test results and
the approved acceptance test procedures;
e.g.: Valve open and close response times recorded during acceptance testing while in

a test fixture or next higher assembly.
4.12 Cperating Time
A period of time measured in hours, miruates or seconds that an item is utilized
farctionally, either in a standby or operational condition;
e.g.: The period during which power 1s applied to an item and the item is performing its

function in partial or full capacity.

4,13 Parts Reliability Information Center/Apollo Parts irformation Center

The WASA sponsored Parts Reliability inforimation Cunter and Apollo Parts Information
Center (PRINCE/APIC) stores and disseminates information o1 parts and materials having application
n various Aerospace and Defense related projects to service engineers in such fields as Design,
Quality Assurance, Retiability and Testing;

e.g.: The REDCRS forwards to Reliability Engineering Unsatisfactory Condition Reports

on metallic casings by part class,
4,14  Shelf Life

The degradation of basic matcrials with time and envirunment under no operating stresses
coastitutes a measure of action to be taken at a specified point in time;
e.3.: Upon expiration of & specific maximum period of age after the cure da.c of a

material part, would require the discard of this part from storage shelves to avert installation into an

assembly.,

4.15 Temperature Cycles

A temperature-difference fluctuation producing a non-uniform distribution of tempera-
ture or differing thermal coefficiants ol expansion;
e.g.: A condition in which the alternating temperature goes from an initial value through

a maximum value and a minimum value and then returns to the initial value,
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4.16  Time/Cycle-Significant Items

Time/cycle-significant items are functional hardware items which have a failure inode or
probable failure mode which results from time/cycle operation or for which operating time/cycle data
is required to justify and assure replacement or refurbishment because of limited life;

e.g.: Performance degradation due to wear-out characteristics of a sealing surface.
5.0 PROCEDURE -

5.1 Reliability Data Center

5.1.1 The data center will consist of a {ailure reporting, analysis and corrective
action section, a test histories section, a development and qualification history section, and a con-

figuration historics section.

5.1.2 Data collected will be stored and processed using manual, semi-automatic

and computerized handling methods.
5.1.3 Data will be retrievahle by a nomher of ways such as part number, serial
number, test type, test location, date of test, *rend characteristics, assembly failure modes and

component configuration.

5.1.4 All program disciplines will forward reliability information to the reliability

data center as delineated in the respcnsib:ility of this procedure. For data sources sece Figurel, of

Appendix I,
5.2 Data Input

The {ollowing data for NERVA engines, components, parts and materials will be stored

and/or processed by the data center:
5.2.1 Test histories and results

5.2.2 Industrial failure data on NERVA items or items similar to those in the
NERVA Program.,

5.2.3 Configuration history

5.2.4 Qualification status ard history
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5.2.9

5.2.10

5,2.11

5.2.12

5.2,13

5.2.14

5.2.15

5.2.16

5.2.17

5.2.18

5.2.19

5.2.20

5.2.21

5.2.22

5.2.23

Interim and Final Problem - Failure Analysis Reports (FK, FAR)

Quality - Reliability Disposition Reports concerning reliability (QRDR)

Nonconforming Material Disposition Requests concerning reliability

Summaries of Failure Mode Analysis results, the criticality and effect on the

engine system and status of corrective work -

Performance Analysis Laboratory report data

Reliability apportionment, prediction and assessment data

Failure mode analyses (FMA)

Failure mode effects and criticality anaiyses corrective work (FMECA)

Reliability studies and reports

Trend data characteristics (TC's)

References to data in the quality assurance data collection system pertinent
to reliability

Reliability data book (PRINCE/APIC)

End Item Reports concerning reliability {(CEI)

Material review board and cengineering review board data concerning
rcliability (MRB/ERB)

Interservice data exchange program data conceraing reliability (IDEP)

Applicable AVCO and FARADA generic failure rate data

Flight readiness review rcports

Fault tree analysis results and status of corrective work

Single point hazards analysis and status of corrective work
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5.3 Data Out put

The input data discussed in Section 4.2 shall be available. In addition, the following
data shall be available through data processing:

5.3.1 Failure analysis and corrective action status lists
5.3.2 Checks for and a listing of unqualified parts in an engine.
5.3.3 Special reports to suppert problem area analyses, flight certifications,

design chznges, etc,

5.3.4 Analysis of trend data characteristics
5.3.5 Checks for and lists of unresolved failure modes
5.3.6 Reliability Failure Summary Reports
5.4 Test Results
5.4.1 The REDCRS shall be provided with hard or carbon copies of all test

results to be reviewed for performance characteristics for incorporation into the reliability statistical
data bank. These test and/or analysis results would include copies of engineering supplemental data
sheets, acceptance data sheets, valve travel response times, material reports, trend data plots,
metallurgical analysis reports, etc. Applicable forms shall be forwarded within one working day upon
completion of the data reduction or the report to assure utilization of the data in the assessment of
component failure/malfunction reports and to provide parameters for the Trend Data Churacteristizs
analysis.

5.4.2 Upon review of test results the REDCRS shall initiate Special Data Regquire-
ments, Form AGC 4-331-3, A Test Request Supplernent, Form AGCS 1900-7; or an Inspection/Test
Referral, Form AGCS 0723-8; or facsimiles thereof as may be deenied necessary by Reliability
Engineering to support trend data characteristics analyses and/or Reliability assessments and predictions.
These data requests will be initiated when normal requircments are insufficient to provide the capabilities
as outlined in the NERVA Trend Data Implementation Plan, Report 7850-0742, Section II, and the NERVA
Reliability Allocations, Assessments, And Analysis Report, Data Iltem R-202, Section V.

5.4.3 Time/cycle information shall be part of the normal data reduction require-
ments and forwarded to REDCRS upon completion for incorporation into the component test configuration
and trend data characteristics histories section. Formes shall be reasonable facsimiles of the formats
included in Appendix I, Figures 2 and 3, This information will be accumulated to assist in the mcasure-
ment of trend data characteristics as defined in the Ildentification And Control Of Trend Characteristics,
Procedure RI01-NRP-506, Paragraph 4.0,
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5.4.4 A manual daily test log will be maintained to provide a chrorological test
program record by series and run numbers of engine and/or component testing in a format comparable
to Figure 4 of Appendix I. This daily run log will serve as a quick reference document of test

experience and associated failure reports for retrieval capabhilities.

5.4.5 Daily component Reliability Performance Data Sheets in the formats com-
parable to Figures 5 to 7 of Appendix I for each serialized unit listed in Table T of Appendix I, or as
determined upon completion of Engine PDR, will be maintained. These shcets will provide a continuous
test, configuration, build and failure/malfurction history for each end item and time/cycle sensitive
component. This information would be incorporated into the computerized REDCRS de«ta bank within

one working week in support of trend data characteristics and Reliability asscssments (e, g. Figure 8, Apnl)
5.4.6 The above Reliability test data requirements will apply to and include hardware
tested at all vendors, WANL, ANSC and site facilities such as ETS-1 and ES/TS-2. Similar data will be

obtained from the customer when feasible or as mutually agreed upon.

5.5 End tem Documentation

5.5.1 The REDCRS staif will review the documemation of Complefed Item Reports of
deliverable hardware against the NERVA Reliability Performance Data Sheets 10 assure completeness

and acequacy of the documentation with respect to configuration and discrepancy close-out.

5.5.2 REDCRS will provide an Operating Time Sumimary comparable to Figure 9
of Appendix I for each corapleted item report, This summary will utilize the Performance Data Sheets
to document Time/cycle experienced on all components starting with vendor acceptance and 1unning

through completion of all formal testing.

5.5.3 A Failure Summary will be submitted by REDCRS for each Compleicd Item
Report log book., Only basic data elements will be reported for each failed item in a format comparable
to Figure 10 of Appendix 1. This summary will be obtained from the Performance Data Sheets and

verified against the Reliability Failure Listing, (e.g. Figure ll, App. 1),

5.5.4 The REDCRS will provide a separate Replaced Components Failure Summary
for each Completed Item Report in a format similar to Figure 12 of Appendix 1, or facsimile thereof.
This information will be ¢btained from the Performance Data Sheets and verificd against the Quality

Assurance Component Replacement Records of the Compicted Item Report log book.,

5.6 Relizbility Failure Summary

5.6.1 The REDCRS shall develop and mmaintain a repcrt o all failures, together with
the status of failure investigation for transmittal to the government in Data Item R-105 in a format as
outlined in Appendix Il of this document and AFSCM/AFLCM 310-1 R-105, Failure Summary Reports.
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5.6.2 The summary report will be an automated information systemn utiiizing four
basic input documents. The documnents are the Performance Data Sheet, Failure Report or Departure/
Non-Conformance Report, Failure Analysis Report which may include the closure or Corrective Action

Report,

5.6.3 The Performance Data Sheet records will primarily be used in computing
cemponent failure rates and in compiling summar.. ation of cumaulative operating time/cycle information

to be included in the Failure Analysis Report. -

5.6.4 The Failure Report ic utilized in a generic sense because all vendors will
have their in-place failure reporting system with subsequent ANSC Failure Report number assignment.
The basic data elements itemized for reporting failures should include and appreximate a description

as reflected in Figure 1 of Appendix II.

5.6.5 The Failure Analysis Report documents the rosults of the failure investiga-
tion and the recommendations of the Failure Resolution Board. The Failure Analysis Report inay include
the corrective action taken to resolve failure causes and prevent failure recurrcnce. Figure 2 of

Appendix Il or facsimile constitutes a Failure Analysis Report format.

5.6.6 REDCRS will provide Reliability Engineering fors transmittal to the governraent
a copy of each Failure Report within 24 hours of its receipt by the Data Center. This will be preceded by
a Reliability Audit of Engincering Review Board decisions in the classifications of departurcs in which the
REDCRS will serve as the liaison activity to provide additional data from the Quality Assurance Dis-
crepancy Failure Information & Control Center, Configuraticn Control, Enginccering and Test Operations

with supporting evidence of industrial data, laboratory reports, trerd data charactceristics, etc.

5.6.7 Initi.ation of time/cycle records shall commence when comyponents are operated
as a part at vendor manufacturing assembly arcas or when in test fixtures as s hassemblies at all
operating conditions including manufacturing control checkout, acceptance, gualification, off-limit,
environmental or flickt testing. For example: The Engine Performarnce Data Sheet will provide a
cutnulative count for eack engine start from tlc initial threst ~ycle,  Actuator time data is recorded with
the first application of electrical power to an actuation system at the veondor and eventually abstracted

¢nto the Component Performance Data Skect for the corresponding serial nmaber,

5.6.8 Contrel of time/cycle shall be as determined aud monitored by REDCRS.
The operating ime/cycle for any portion of an assembly accumalated by cach time/eycle si_aificant
itern contained within an end item is not to exceed established limits at acceptarnce by ANSC nor to
exceed comparable limits at tiine of delivery to AEC-NASA. For example: An accumulate I operating
ume of an actuator motor, under load, of twenty hours prior to delivery would require removal of the
motor from the assembly, if the twenty hours constituted an aperating limit prior to rdelivery. This

monitoring will be accomplishea through the Performance Data Sheet logs of the Rehiability Data Center.
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5.6.9 The recording of operating time/cycles shall te continued for the life
of each comnponent including after installation into the next higher ass»mbly, until end of useful life,
The records such as the Performance Data Sheets wil) indicate removed and replaced items with their
respective operating time/cycles, For example: The records of an actuator assembly containing a
motor which has previously been operated in another actuator assernwy will include within the total
all previous operating time of the motor. This irformation will provide the data necessary to support
the requirements as described in the Analysis and Verification Of Trend Characteristics, Procedure
R101-NRP-508, Paragraph 7.1.4 and provide the capability for the policy ectabiished in the Develop-
ment And Implementation of Trend Characteristic Monitoring Systems, Procedure R101-NRP-507,

Paragraph 3.5.

5.6.10 The operating time/cycles will be accumulated respectively for each
cemponent and becoimne the time/cycle of the most operated snb-component included in the assembly.
Replacement or complete refurbishmeat of all wear-sensitive parts allows reversion to Zero time/
cycle, For example: Replacement of a poppet within a valve without refurbishment of the seat,
constitutes continuation of cycle accumulation for that valve, REDCRS s5lall provide this data capa-
bility by maintaining accurate Performance Data Sheets through the data flow to the Reliability Data

Center,

5.6.11 The REDCRS shall maintain an index of newly defined Reliability terms
as a supplement to the Glossary of Reliability Terms, Proccdure RIPI-NRP-307 and usc these

terms as defined,

5.6.12 REDCRS shall provide and make awsre the Flight Safety Analysis Section
of any cngineering changes and observed discrepancies that could potentially affcct the single-failure-
puint analysis as outlined in the Single-Failure-Point Reporting, Analysis, Corrcction & Closeout,
Drocedure R101-NRP-306,

6.0 APPLICABILITY

6.1 System Effectivencss

6.1,1 The REDCRS will be formed at Enjine PDR and iuteurate concurrently
with all program disciplines in implementing required procedares to place the REDCRS into effective

operation,

6.1.2 The details of the REDCRS procedurcs shall be fully implemented at

Component DDR to parallel the program efforts in establishirp Reliability Goals,
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7.0 RESPONSIBILITY

7.1 Reliability Data Collection and Reporting System (REDCRS)

7.1.1 The REDCRS staff will provide support and technical assistance to the person-
nel of the Reliability And Safety Analysis Section as directed by the Reliability Engineering Supervisor.

7.1.2 The REDCRS will be responsible for procurxné and maintaiming all data input
and output of Paragraphs 5.2 and 5.3. Prime responsibility shall be with REDCRS for obtaining Dzta
Ttem N , as reflected in Figure 1 of Appendix I and provide the necessary haison activity to assure the

ilow of data from the remainder of data sources.

7.1.3 REDCRS shall be responsible for formating the Reliability Performance Data
Sheets «n such a manner that it can be forwarded for key punch input to provide machine processing, sort,

and statistical analysis of all accumuilated data.

7.1.4 The REDCRS tecknical staff shall review with the cogmzant project engincers
the inclusion of the critical performance parameters on the Performance Data Sheets for each component

as outlined in Paragraph 5.4.5.

7.1.5 The REDCRS staff will be responsible for obtaining all manufactaring, test
and configuration data on a daily basis for entry into the appropriate manual Performance Data Sheect
logs and summarize the data for inclusion in the component data reports. The responsibility will be

cxtended to include. all vendors and the ¢'. tomer.

7.1.6 Upon request, the REDCRS shall be responsible for procnring all test records
that inay be required from Central Data Control of the nature as described in the ANSC supplement to the
NERVA Data and Dycument Control Plan, Data Item C100 dated March 1970, Paragraph 2.7.1 and any

additional data as may be determined upon review of Data Itein T-119, Test Reports.

7.1.7 The REDCRS shall be resporncible to the extent as determined by Reliability

Engineering in the collection, analysis and summarization of Trend Dcta Chavracteristics.

7.1.8 The reliability decumentation input shall be the responsioilit, of th: REDCRS
for all completed item reports in accordance with the NERVA Configuration Management Plan (Supplement)
dated September 1969, Data ltem C-013, Parugraph 3.0 and 6.4 fuor submnittal to Qualily Assurance Data

& Document Center Completed [tem Report log book,

7.1.9 The REDCRS staff shall notify the government within 24 hours of all departures

classified by ERB as failures and record the Failure Report with pertinent inforrnation in the Reliability
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Summary Report in a format comparable with the Failure Summary Reports, AFSCN/AFLCM 310-1
R-105 and provide closeout status surmnmarics to provide the follow-up capability for the Failure Analysis

And Corrective Action Procedure RI0O1-NRP-504.

7.1.10 The REDCRS staff will advise Reliability E: gincering of ary recurring problem
areas of reported departures within 8 jivurs of ubservance and provide a summary pir. ‘o2t as required.
1t w31l be the responsibility of the R= DCRS to provide Quahty Assuraice with suminaries of observed
problem arcas to assist in the quality analysys as described in the Quality Assur=ice Program Plan,

Data Item P-017, Paragraph 4,1.1.

7.1.11 The REDCRS staff will have the responsibility to support the secretary of the
Failure Review Board in the adequate implementation of the Failure Ceontrol vystem through the diversafi-
cation of the Reliability Data Center and processing copies ¢f all ducuments and reports trans'nitted to

the Yailure Review Board as depicted in Fiuure 1 of D=ta (tem M-001, Failure Control System.

7.1.12 REDCRS will be responsible to maiutain the capability within the Reliability
Data Center to provide the necessary decumentatinn to allow comnphiance with the Snboeontractor and

Vendor Rehability Pians, Procedure RI01-NRP-70l, Paragraph 4.2.4.

7.1.13 It will Le the responsibility of the REDCRT to nrovide moniterire capilnhties
for the Coutract and Procurcinent Specificaiion Rehability Requiraments, Procedure RIVI-N2P-700,

Paragraph 4.! 1n the form of Manual Performance Data Sheet logs.,

7.1.14 REDCRS wall be responsible for maintaining the I»te “a_eney Data Exclange
Program to supply Reliability Engincering with the monitering cepabidity ior the Purts and Material wata
Selection and € atrol Sy=temn, Procedure RI01-NRP-704, Parosrz h 5.5, 1 and procare {rom Reccivine

Inspection copics ol the information as dclineated 1n Paragraph 5,11 of the NRP-7014,

7.1.15 The REDCRS staff shall be resporsible for aaplementing the elfoctivity ol the
Relialility Data Center and this procedure. 1In this position the PEDCRS stafl vall rejert direetly to
the Reliability Engincering Supervisor and make recomumcndatione regar line nrprovemcent an data

collection and failure reporting systems.

7.2 Quality Assurance

7.2.1 The Quality Assura.ce s repurey/Fatlure Inforimation o Contool Centor aa
a satellite sabsystem of the Quality Assvrance Data & Docunmientaticn Centor shall mare available tissue
copies of all departure reports of anamolics presenting a jotential progaram tmpast wittin X hours adte -
the departure event. REDCRS personnel will accumualate these tissees o a daily Lasis for momtoriag

purposcs by Reliability Engincering.
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7.2.2 Quality Assurance Data & Documentation Cemier will make available to
Reliability Engincering all top vellum copies of Departure Reports for pick-up by tte REDCRS =taff uponr
conpletion of Quahity Assurance data processing. This will serve as « final monitor o1 any potential
problems due to cversight and 1dentification of recurring discrepancies to assure product effectiveness

as related 1n the NERVA Product Assurance Program Plan, Data Item P-017, Paragraph 1.4 and Section 4.

7.2.3 It ~vill Le the responsibility of the Quality Assurance Data & Documentation
Center te previde a Discrepancy Listiag printcut on a guarterly tasis and 2 comprehensive report on an

annual basis, A coriparable report shall be forwarded to REDCRS of vendor departures.

7.2.4 Quality Assvrance shall be responsible for securing the recording of all
itme/cycle information by Insnection nersonnel and making available vithin 8 hunrs all completed time/
cycle sheets, or upon the imtiation of « Departure Report for that  umponent which is accumulating time/
cycle. The applicable Departure Report number shall he recorded on the time/cycle record for abstraction
onto the Reliability Performance Data Sheets. The REDCRS st«ff will accumulate the time/cycle records

on a dailv basis from Quality Ass ironce collection poirts.,

7.2.5 The Qnality Assurance Data & Documentation Center shall inake availeble the
remnainder of documents not apecitically discussed ag reflected in Dawr ftewns J1 and //2\: of Figure 1,
Auppendix 1. The REDCRS will accumulate these documents on a daily basis for ircorporation of data

abstracts into the appropriate reliability deta logs for sumioary documentation input and monitoring pnurpeses.

7.2.6 The Quality Assurance Data & Documentation Center shall provide the REDCRS
w:th all reports and documerts as depicted in Figure 1 of Dara Ttemn M-001, Failure Control Sysic.n to

provide the processing fanction for the secretary of the Failure Resolution Deard.

7.3 Enmineering
3.1 It is the recponsibility of Engincering thet Reliability Tngincering is provided

all destan and test information through REDCRS channels. The REHCRS shall be provided or made aware

of test and analysis results from all sources as dewicted by Data Ttom /()\ of Fagnre 1, Appendix 1.
3 L ) £UN 3 PF

7.3.2 Eng neering shall notify REDCORS of any and al' anomalies observed during

testing, manufacwring and assembliag of hardware not normally covered by irspection procedurcs.

7.3.3 The REDCRS shall be provided with copies of test plans/reques’ wnd statos
reports for rehiability test plan review and data assimilation, REDURS shall be forwarded <. nies or made
aware of all enineering analysis reports generated by ANSC Engineering Sections. The acquisition of
these aocuinents will make the provisioas for the compliance to the Reliability Review of Test Fuans,
Procedure R101-NRP-501, Paragraph 5.0€ and furnish a chicck on the framewcerk within wvhick the NERVA

Rehabihity model can Le tested as cutlined in the Rehabihity Test and Evalnation Plan, Data Ttem R-106,
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7.4 Test Operations

7.4.1 Test and site operations will forwazd to REDCRS copies of all documents as

depicted in Data Item é of Figure 1, Appendix T or data integration and collection purposes.

7.4.2 Test Operations shal! process zll Reliability data recuirements as outlined

in Paragraphs 5.4.2 and 5.4.3 1n support of Rel'ability Engineering,

7.5 Laboratories
7.5.1 REDCRS shall be nn distribution for all test request supplements and all

uznalysis/test reports generated by the responsible Enginecering Laboratory.

7.5.2 All laboratories will provide any data analyses uecessary for adequate
reliability design evaluation as requested in a munner ontlined in Paragraph 5.4.2 fro a all scurces as

reflected in Item /5y of Figure I, Appendix L.

7.6 Configuration
7.6.1 Configuration Contrel shall make available, in copy form or in the form of a4

new Issues List, all documents as pertrayed in Item & of Figure 1, Appendix I for proper reliability

desipn evalaation. The applicable decuments shall be forwarded to REDCRS.

7.7 Central Data Control

7.7.1 It shall be the responsibility of Central Data Control {o provide upon request
auny test records for review by REDCRS personnel of the type as outlined in Data Item C-100, Supplement

To NERVA Data and Documentation Control Plan, dated March 1970, Paragraph 2.7.1.

7.8 Computer Services

7.8.1 Computer Services shall be responsible for previding programming and

computer service as requested by REDCRS in support of the Reliabilivy Data Ceunter,

7.9 Manufacturing Engineering

7.9.1 The respounsibility for providing copies of NERVA Program Requisitions to
RFEDCRS shall be with Manufacturing Eungincering,

7.10 Mission Systems Requirements Scction

7.10.1 The Mission Systums Requirements Section shali have the responsibility of
providing Reliability Enginecring any new or additional requirementis affecing Reliability predictions by
forwarding them to REDCRS.

PAGE 16 OQF 4o



R101-NRP-703

NO

NERVA PROGRAM PROCEDURE

H\II* STaAL GNV 30008 Lhdi! viva |
A [

-+

..u.:,,_<_._< AL _5..: LGS COL "ONINEYTT LSTIL NOILOV IATLDT SL23453 HOILVIOVY
S000v m.s_: T L_ “SISATVNY TWIILSIIVIS ﬁlv SISATVAY 3R SNOILDIOR I
any r_ KRR RULGRD! TN v SiNATVRY L SLNOUT, IRt __tlw SISATYNY %5IS 19
TIVRY = 1ILOGNGD L) EnE VY ST SSAIVHY 1S3L VI
S STTALS
. TN Y oA SISATVR Y L1505
——— t
©ALITIavOy ™ 51074 N vAYIl

SIMOJ4IY + <.~<.u. AIGvi oy
VS’ ,.;<\

=% [AD0T0ONID3L T AN0T0
SISATIV Y
RAUSIEAE i L
auc. i _< 30

o [RTSINT

(SLIMS vt » .T_ PTG hJ:m.E

»

-
4 S T ‘00AV ‘NUvdV ~
w NALCAI, TG S HoL: . . v
A 4 % 20407 W0iL0 R 190 AL LSA0R =
& v TCULNCD ALTVAD | Y o
x ; v
s ——
h .
I i : -
ﬁ..:.:_ LA | .:.IC.Q.J:,‘_ X 515 f).(_;_( _..l!
nnsTn VIV 1N nA5 STALLMYLS = ST
; i <
\ 8 3
SIS W as i ' VLY ALV 3T
5 LU N1 _i . viva q,ji_ N -
Sy AT 0" .TJLJ,).,_ u_u_/
e e - SLANST
. A 7717010 v _ SLUOIIY AY”
m | , NOILVINVYAS .
- 3 BV AR HANS IIC o
» : ! S.a0y ™y :ua,n,q..u,.x_ i
S L__ 5L MIa 3 1€ 2 ] S
1:?? 5100674 S1LN0ATY GIHOUMY 1 HONTIA Y (0T iy
<5 Zz.:: SIGA tei SIS ATV SISAT Y N/
RN | AREIEE

43

OF

PAGE 17

e



(LINRPAT703

NO:

NERVA PROGRAM PROCEDURE

)10y 180T

uonRwLo] Ajowcty

uonewsojul uotreandiyuon

siuauondwon

POIBII0SSY JO SIaqunN [E1108

APPENDIX 1

Jaquuny jaedq

Jocuuny [vtaog

Jwil ], 1880

VPN 150,

siajowvaed 31507,
Jaquunpn osanpre ] 31saL
uoNTWLIO U] danpieg 359
IoquinN 3897,

2y1e(] 189,

adAg 3sey

ue11ed0 1507,

a4 /oy,

"91

"oy

‘vl

NOISNIILXT ITZZON
ATZZON
SANIT INVTTAdOUd

LIND 3OYNd ANIONI

i921qe],

JATTVA MDEHD B INIT NOILVZINNSSIYd MNVL ATVIS ‘17

UOLVALDV B FATVA ATLIOUHL ANIGYNL ‘02

UOLVALDV R FATVL MD0TE LUOLANS TVHNLIONUIS 61

UOLVALIV B ZATVA MDOTI ADUVIIDSIA ANILIUNT "8l

YOLVALDY B dATVA TOYINOD JJICLAHS NMOQTODD "Il

YOLVALOV R ZATVA TOUINOD X1ddNS NMOATOQD ‘9]

SEATVA MDIHD dADUVHISIA dnd  "o1

YOLVNLOV ® TATVA MDOTd ANIFUNL &1

YOLVALDV R ZATVA MDOTL SSVAAT “¢1

YOLVALOV B A'IVA TOYLNOD SSVdAig 71

YOLVALOV #® JATVA JJIOLOHS LNVITISOUL 1
ATIWISSY dINNJOGHNL

YOLVALDY TATVA LNV TIOOD LYOddNS TVINLINYIS ‘o

JATVA LNVTOOD LYOJIdNS TVHNLONYIS g

HOLVALOV TVENID

T~

WELSASINS A'THINASSVY TVAWID -9

HYNCOTD B TISSTA HNSSIUL

Ual

‘52 WILSASANS ATFIHS TYNYALXT ‘%
‘vz FUNLONJLS ISNYHL ¥AMCT ¢
‘€7 JUALOAYIS LSNYHL ¥3ddn 7
‘e ENIONT VAYAN 1

SUALAWVIVI 1O LSI'T

SLINN Q3 ZITVI¥ES 4O LSIT

SLUFHS YLVA IDHVINYOJIYAL ALVTICVITA N

R v st O K F

18 OF g

PAGE

S i



'\ NERVA PROGRAM PROCEDURE

-

NG-  RICL-NRP-703

APPENDIX 1
ACTUATOR MO10OR CFERATING RECOTD
NERVA TIME AND CYCLE DATA
Engineer ___ Actuator
Technicion PN
Cate SN
Chonnet
; CONDITION | TOTAL MOTCR RUNNING | con7roL cuRRENT MOTOR CYCLES
'EST THE, {mn) RUNNING THE, {sec)
Snutber Test
Famp Response Test
Static Load est
: Miscellancous  Test
» B
- Return to NERVA Rehability
F.g.re 2
PAGE 1?7 (OF 48

R et L N R N T




P S T T

NERVA PROGRAM PROCEDURE

NO: R101-NRP-703

AFPFENDIX 1
ACTUATION
TIME/CYCLE DATA
Page of
Actuation Agsembly Part No. _
Serial o,
Shop Order No. or Teet Scriee 3.
Sequence or Test Inert Gas
Run Number Pressurization
Proof Pressure
Time, Sec. Cycles Cycles
-
Date
Return to Nerva Reliability Inspe ctor:
Ref:
F., 're 3

PAGE 20 OF 48




RIC1-NRP-703

NQ:

NERVA PROGRAM PROCEDURE

APPENDIX 1

*NOLLONQ3IY VIVU

AUNGYITON VANEN 03 uamay

JUASSAUJ SATOX0 03S ‘AINIL

ZCON
JATTVA

"WYINOD3CQ
ao
LLA 'XHa

"ON N 1S3dL

‘ON ‘¥

NS

Nd
*ASSY NXOLLVNLOV

NS Nd
"XSSV TATVA

NS

"ASSV ANIDNI

Nl

ILva

407 d9vd

CQUODHYH JTOAD ANY INLL

Frovre 3A

e cnd

e

IR

OF

2i

PAGE



R10I-NRP-703

NO:

NERVA PROGRAM PROCEDURE

DiX 1

APFPENI

I
| xiwrioo auvn 6y Ly |vy] | 26 6 el
— “ — TIr1iryr -_—_— ~—“oll_\* LRI uﬁ—_qm_«.lﬂd—i—v
_l!.!--emlJ.._ﬂ-,_~ .“ﬂ__Anl.:_ LRLEREN L O N LA A T T T rrTrrrrrJ1r1p
w _, LI L A L A L R I D B S L B B B
W LR AR LR 1 1T T T TT7 LI 11 LA T T TrT T TTrT T TT T UT P
m LA ALA B B L LA RN S N S S B U T O A B B
“ LI I S B B R B e N S S 0 R S A A S N A B S e
“. —ﬁ“—uq— T TT T T7 [T o T LR “ﬁ——J_‘auaqﬂ‘—ﬁﬁ
.. T Ty 1T _ql_-J_wﬂ R AR w...«_gq_.dﬂql
LA I N N S s R At I A I S S T B S S S e e B 8
R N B S S B B e e T T T T T T T T T3 ::JAJﬂ_,__Ai_ﬂ
N S B S S e R T T __ﬂu.ﬁ_m]w:_j.-%q_ﬂv
w S H B I B e S S e i | :N___.~4~.mq_:4:q:.]!mv
: R S L T T O S B T T T T T TTT] L I L L A B B
M T T T L T L T L L O L
_ [Tvr 1T 171 ¢ LA L R N e R T T T T T T 77 T7T7 ™
i - AN B B O A D 0 Tt e A At B R My e B T B O A S Bt e
_ TT 1 T 111 LI e B AN N A AR R R A A A D B AP B A R SN U B SN St S A BN Bt %
_ LA I D A N e et O T S S S N N B S 0 e 8
._ mm "ON uV4 N/soNa | | WELL WOpg aiva _ YILRON 1SIL
_ 27|
L S

-

Fio.re 4

0F iR

2

PAGE



RIO1-NRP-703

NO:

APPENDIX 1

NERVA PROGRAM PROCEDURE

NONIE X¥OVII ISN — LTXVIID 1NN 35V

vy vcoqnw‘.l: —¢ : .ta.hou pzcann o— uf:_um a» .—.oo..-w a-l- : JEPLRPL P I v 09 6f G L VL SL gy (T IO} L0OL AU 823eT ®T 82 9L.GL (L] 2,00 ¢ Ll -_1- 1 :—u_._. \-\_ ob_-_. L -_. 4 ll__
L U T PO S I O DA L vey -_1\.1 v al v 1..|_I&x_a4.l_l..l._!\ IR I L S _«r,._ﬁnu.
0 L O N O O U S T N W MO O N G.M H IR “mwl AL LN m Ml._‘_?_?. !.n.ll_s_ S “mw"&_.nh
M O L O O O L S SO LW S DNV NE O S N O O S T B I ‘_v,.,.||_'.1' U I _‘. -n.“hd,m._
LASEE R B S S L O T DN N O I I Y Y T L OO A IO -a.a S leo_J:_l ) _hl_mﬁ.«.r.nl..r. L S B .-_ .?_xwr 2 m_
N Y P Y S SR VY S VIR IR SO UAR R RN K I O m.(_;.MLn_I.l :r;_m._.at_LLL | R..& <
L O U N U OO S A OO O VO O U I A L T O T A | W.ﬂ_a‘ 4 i_'“‘u‘”a L L‘I.« .«..r|.||_'l.'_ll.l A [ 29 N
LA O R U S N N A U I O U VU RO SN WO U O | UL T B *c_a.a i ...x_cna..!_l.l_x _-.\.O_A_LI_LI UL ! ..‘.Q.v.m._
JCORR S S S U O O N O DO O SO R B D [ _|I_L.« a« o ._i_a...whl_lrl_I L’ﬁﬁFLl._l..l’ll.i[At_"wx.o;u_m W_mm_r.n«oum
U NS S N A S I S SRR C SR IR E A RN A o I I LTINS A AT P A €92
QRS O A Y A Y Y T T Y A RO M T I BN G L O L et I L-mv_ﬂxl.llﬁ u..-.N_.m,‘rl- ! L n.lwli_llwao\, .m_.
G k_;_LLir,_LsF_LLLLLLLL; sy ‘_,.Mo.u.r.“ll_l TSI T R R AR
LIRS S T T 2 O S N T O SO IO U O I 00 O O O O A T m._um., — L.-"uﬁa-_.l_l_l._- ll_l_‘_m.x L _Ll_ B L_Iwﬂ,m (:
v K S S 0 A L O IO TS SO N AR O A A Nnad RSN _o”“._ .q.‘y,yvi.f.v"x 1 i o toe (] m,u n....NM
L O S T O T O T A N O SO B O IR OB O m"a« .._ ,.!_Wo ..,,.!_i_ o i_.~M_. _.l..||.rwﬂ‘ l_‘. _._- _l._. TﬂN
B Sy T I T T O O T O O O T D RO L N._.a .. IR G:«_s,_I_Lr ‘u_!.m.. _ .Ll_tlf_n-_{.-_ ! -. w\\ 9 m
N £y T R I L U N W SR e ulr's's N m;_i_-_l_- A R AL mu.u.xr
JLISEN T S O T O T O O DY # s.-. L._ .m ! _c»m_m_Ll!ls!f- «_N..« g L_.V..LLL.. _lx._m_k».l_ ] L ..;L.\ U m. 2.
| S B A § _l..:_i_l._a-...l_-l_l.lrurlllt.._!_LL LU UL O D €2} U a_w-..l..l_.f_- L.._w.!_ PSRRI USSR DR S md. m,\*
L S O T O D L S NN S0 O SO 0 I N0 N N B T O m.m« PRI B ”o...blrLlF Ll.h.i_l.{. . N L Hr.._x._wm.um
L R S e T T SO A O WU A B B O A B J 3} .' T A uﬂ.a..l_rL:._n - .Q.,. UL UL Ll | } m,_
S R R N e T T T O O N B L O O O R A O "L:;u.u‘« S T D_..._l L .m; ._ n_l l_ 1 ._ua- hlr -.( ., 3 m.w_
I N N N N LI 0 0 T S S DU T .D..f“ LN B o”a_'.Hrn_llr“o.n_]a_lﬂl.!,l ,_i_l..a. t . a.l., _O.v._ww
bbb v v e sy o AN T SV .!.m.li,_l_!_l.-.-.|_! .l,._r ,_I‘_!.wvww
LA S O T T O T Y O OO0 L S SR A O O N AR RO | M_“_a L ;_x,.m“«.l_i.,_! 1_!.w" .-,ll_» ' _1 , ' -_ ' mm.vwm
[ - (P ._ri_J_LlLl._ NN .\._ ..“.LI _I..c.ncf o ..ﬁou_z, -_I!,. ' L 2ve
PR R T L ARt I I i e S S I RS
S AU NS T OO 5 VA T T T T T O OO T S S WS R N NS AU I I B AR I O R ﬂ_w.au_ﬂmouud_ _n_[.. wl_w.uo_«r.a“n‘._il_d,nu_m.n.&.u._\v.ww._
SYMUVINTYH ..w.;_k..n. Und h NOLLVMI EAGrb N LAY di .~ﬂ_..u§ Litko

d < i

La et 1y gy hm_ ~a~r~n_m_«__ 7544006

NS nouas td T2L0

VIVQ 1S3L ALiNgvinzsd ROISKILXI I7ZZ0oN

or

48

OF

23

PAGE

Figure 5




R101-NRP-703

NO:

NERVA PROGRAM PROCEDURE

APPENDIX 1

BONTE XDV 150 — ATevIID INEd 25vINe

O AR T BT T P AU O (O .:.m:-...Ing‘fo.q..,ﬂ-ﬂdﬂe..\m.\..uﬂﬁﬂ.u.q..ﬂ\:«.:_ﬁ G R T T EE T T T T I O E Y T X KO IO .ahIﬂA
Lo [ I I N I A (IR T T O P I OO I Y P U S A TS SO Y SN0 O SO B T | TSN UL S SN TOOK TN NN SOOI N N TN ES U SO TS
T S T S O T U O A W WO S (T TN Y TR O Y U O G T O O L.,}m (TS I S VU0 VU5 WL AN T N VR U0 N S OO O N A O O v !
[T TR Y T A WU N U R U SNY NN SN AU NS SO N DSULNN S SN AN SO O ' ;_!_Ihxi.- B S I O I J I S T [ SR SN N N S N N S | ] 11 tt
LIS T U O G N WO A N IS R S S A ) O N U SO I VU O ._x_T ! wi Y U [N N TR SN T JUN LS O O U SO D O SN U A S U B T S DU
(2 S RTINS WU JAU U VOO JUUAUNNE U DU JU U D AU SN SO SN AN NN S SR SO U W SO0 SUSS DN T I _ | I S LS “ | L S | BT S I I | vttt [N DO T D S I I
PR T T IS e U O O Y U I U0 I L I N O U A L O ,..“ I PRI SN U U S I I (T D T S A O N Y B [ | o
T U O T T Y O I O | R SR S O N T I 1 _,. T T VN T T O S 2 SO N SO O O Y 5O O Ly Y I
[N T NN WU TN JY O OO T O D | TR S T T OO T O T _#_-N‘ (TN NS N T L U TN O NN S 5V T O O O N A T DLy it Pt
[ SR N T TN U TN TN T DO A (R VU U NG N NN U N SNNCUE-SS TN SIS S SN Ll_;m vt 1 L S T O O N T O O (I N [ SN S VO O T TG LS.
S U S S O T TN TN A N Y I W S AN T U O AU VU O U D B S 3 ._..-LIWLL;.|’L t! hm | B | 1T TSN N S AN T T L S U T N M .l_lLi
[ OOR I OO SR VR T TN S Y Gy A S VL R UL UL O S U S WO *u_l L|b|_m1r|,| - ; SO A PRI B AR N N U B N J IO ..i.lL!.-LL!;,uLuL! PRI
(UL TR Y Y 1Y U T T N O S N O T W O A B D l_!_|w\_|.!. -4 - uLI.F\F._Tq_f.l_ 8 Y O O N N R O UL IS UL N N NS S
SR YO TP T U TS O VT8 N T O T O 0 O NUUS UL O O TG o O [ YU DL VO A O T T T O S R O Y IO U .
(N R VR T T R T N Y VOO O T N U O OO O S JUO A (OO OO _v_.m.LI.[ N (SN T S0 VUL (O T TN R JN NN N AL SUTUNG N SN U A lex.l
LI R T S T DU N O U SO N Y N TN N R OO N O S RN !_l.lui‘l,l LI I, Lvr_.u_ I r_ll‘ L S [N S T S A U O Dy SRS
SR T TV T T T T O T A O U NS T O (0 T Y OO [ O ._fw NI IO T N m [ B -W!_'. TRV IR N L UL [ N U UL DO O 0 A0
PNV O WO T N T I A O OO (O NN GENY SN NCINN SRV SAUTC SO ) I L_;h,___M,____s.|r___(_[-_||r,l_:_. o
B TN T L N S U A N Y IO S Y DU (N N (U W [ A M!_.L U S ....wl_.l‘_l_r_l_ JUL O TN T U S UL AL o ...I_
(SR TN TS O 0 O T WO TO G N DUCTNANN TN SO U _ ! _L [T L B LA N U U Sy I e P A Oy O
LN I TN N I T S N U O O U R SOOI A NS N B} L (TR R LA O M I A I UNNCRRLI 0 SO SN
S N T WU TN L N A O T U O (S SO N Y SOULINNY SOOI SO O SN UL S JU O S T N O DL W LI S LY
OO OO N U DO S T S O S DO O D U N SO S N O [ AL LN I O N N S TS U IS T Y Lot
L N T O O O IO W A | [DVRLINR [ RO SO TN B R [ [N S SN S N SN N O UURE JUSE JNN0 U A N O S DU SO S
SR N VR T DO U IO N DL I N OO0 A AL O O O A I S IR (IR R IO I O O G Y GO NN RO
(R T UL U Y ISV N O NOOL IO S SO T L NS SRR SONS J N A [T S U O DU T DU JU T O NN JOUE SO S (N IO OO N Y O 0 I
SR TN O S O A T 0 Y 1 O T O Y S I BT SO A SN UL N S SRR IO SOV ST T L O
S N N I Y O O A S | 41 ._____ | I B LIS I G U G S | S S Y
SHHVLO NS Lollog LOILYANG B LS4l da Al OW | STOMD
M ST10AD ._<&.nﬁ“ diva
v
L g a3 bgg s b et r e b et iy
NG GHSVON T 1R) NS naLvALOY 4 (d) KD ROLVALDY N LATYA M‘ NS [ Nd  URIONA A LTURY
VIVQ 1SZL ALIMICVIRZE ZINIONI

Ficare o

OF 48

PAGE 21



PAGE

4l
=)
£~ -
). T e B et L TN
Nm .m..?. ar ey ey .._...:-.-m P R Y T O T O an 1% L P T Y BN TN ST S S e ! TS NI R R S T T A TR TR S ar SR T I T T B EPIRY aPR .‘.A. .
. i i b + ! .
.ﬂ. i { P . [ L 1 L, m [ “. to [ i s 4o LS S S SO SR B .._ RN ULI N _ -
— ] ] : ’ i i
< ~ . 1o v 1 to v I ’ R B [ CON T SR T TR NSNS U S O SN T SN S B O O | .‘_..m _‘"Lx.nl_l. LS
= : ¢ : | _
f I [ ' [ vy [ T * [ B PR RN OO S S L | LA IS LU SO DRSS S AU [USUNY R
. ) '
o) _ L w L I i to “ v LR IUTRRS S B LRI O S Al o SCURC I T SRS N NI SO SO S O R
— —. 1 ' .
< | L [ | 1o 1 LI .._ 1t - t g td [ [N it LN DR RS I B S| - LIS .l- L
- . - - - : T T - - - - | i
! " ' | [ (] 11 ' .._“ [N S [ [ ; L S S S S A § L L SR BT SV B »..-_I_._...w
Vo I R R A B A — N B A B AN I Voo e Foor .(~ c
] i
! i L. _ P PUCTE RUE ot i ! _ ! "t - L WL OO SR PPN S ALY S S mnm
|
[ T [ it [ [ S T m._ 1 [ ' R UUUTRNE SR B A JL T T S T BTSN LU SO S T S S N Y I
|
Lo _ S EFRRTREN VR ENUREN SURES AVVURS IXTRACRANTN RS B SUTINN (SR TSN i JO0Y U DUC I S S L SRS S SPS Y WL
LI v [ RS Vot [ v Ya “ [N _.h._ L] e LA N U LN DU LN AL R IO S VUPURE IO BIPRS00 ) SO .f“
\ !
| vt Eor (| 1 [N IS [ I I I DRI B N B | o ] rod [ o |
1 T Ty = - - ~
' v g vy 'y R B IR ] [ B “ P ' o I ‘ ; Vo Lo }
H 1
l m ' i [ (W] (] 1y o _ 1 [ [ v _ _ ' ' s ' ‘o J i
- i N - T B - T '
m } [ * ' [ P [ R O ¢ ” " | o) ' 1 - I D ! ! [ V.
n — [T LY P [ Vo Vg 1 . 1 o v 1 ' Vo i 1 Lt LT | ' b
PO H - - o ] - n
[ I T 1 oL.L [ ST T I R [ [ [ [ Vo ' . N R LR I LN SR SR A | [ -
o3l { h i ™
C. " v ' LI TR R _t [ it ;! [ [ [ R SRR [ A S L S <o
t 4
A i “ . [ [ A L | LI ’ B ” A ... _‘_L_| "I.:W LU LI L N U ! LR v _ “
= ] I Y 1y 1 R LI ._ vy _ P P ~ v ' [ ] T » ' . P I
- - 4 — xﬁ Lo DU S - J L : _— m
[« 4 LI v v Pl [ [ 1 ' 1o [N SN ST B T v he 4 ol h o
- ! : [ N A (] [N B i “ [ O | i 0 ST S TN LS T I S S S R S R NE S [ ._
(o] SRR VRSN AUURINEN AN RFUNUR IUNYN RNURN ANRER SNONN AXUVEN AN INUNRE PR SRR B NN DR SRR SRR T
Ll to A 14 t 1t LIS I T ” L IR LIS I B B | LU ST AL S I I [ st ! . LI ”
0. LR B BN | ‘ [ N trd o LA S U DO SR U S SR ST SRR SR S : [ "o
oz ot LN A T B S I I S| ‘ (] o [ to [ [ [ SN ST SN S t ) o
Q. I USEN U NERE VU W ALNNTN SN SN SRS IUARES IRAN N BN IREUH R TS SRS T
2 | L2 TN Ti...; ety fleatdy _ 1....:»?!.,:..~ JURNEE PRV R T SO NOLIVI Y] RES ST SRR 5 2 HA At oW
= /] Tivka i : e
Lodd L SALH
ﬂ & LERE SR RUXR VATY $1 B wal] lerrdls ety
R [ SO B O T YA R
o —
(o] _:_:J.._::_::_::_:__:_
‘. s k! 3AIYA o -
a - TN - L3 RAYLLY N
- T 3 \l...@._-.l g AL]
AP VIVA 1S3l ALINEVINZY
ul
‘.
W R N Mae a e - - - . - . .



’ - A

R101-XNRP-703

NO

NERVA PROGRAM PROCEDURE

- .- -— ———
n
-
[
o O
<
i
o o
<
~
o
. ©
D
H
2
O
—
m n 7.
-
-4 [S) LR T N S S R O 1 - T e o oty ELTEE S S A -
HN -3 cer* o SR N, ey LV T m .. PR S s - - .. - .. .
= .~y A R A L A e . R e s e 4 - O
o, 22 oooIne £l . .
U “s CoN s B LI T S . L. .y - bl
< RN R sav 4vc va. o, . PR . e . e
' R L S ot 4 Ll el ow L VR P .
= Py Teds Dot L EraTy 24 BY 44 teml il .
-y R R . ot . . O
=) TEY s T e ) a0 U U [Lewphnr2ee M
- 4 ~ LN ’, . Wit S N Ve Lt ) or e
- « T - s . fe ¥ uotes Y
» oo e ST S N PR e e fo)
- " v L A Mg t LA . St Y . cae S0 PR LI A § el
- . 4 ‘v . L' RS R St ' "o ' . ot Tany ' ‘e
- PRV [PV R . — N ran, Lt e . (o]
- 4 £ r . AL < Lt . » 43 Calt ten .t N ‘o
. ‘ v iee EETIR TR . wrsa .0 o v DL Ak I L
. - 9 . e vee e ey, et I ..~ - reat 0t PR N3 et o
- . » B L “e “. “r ., . s, - I e, t . 7S L N
- . . e cte : . g e ... . mem Lt n JE el
. p . e o . - ey vt eane- PRI fo)
- 4 w (X3 ~r R RV RN M Lé ~ [ PECR JE . 1X ]
- ] v [&] [ Deraa oon ¥ LR A R L FE S-S A S 4
~
- ] v Y] " RAA PN T Len v 9DLIF ) G0N Ilemntett 20 Lt -«
r: VY WA reany » cesy ts 0y '3 el ‘. Whs  Hivalu Ja¥e WIS C N o)
wed 1S S¥¥) N I RR TR et VEITRE TN L S N LEAF? 2YC v [}
S ETE AR b T L TY
~

et e e s ks il A



NERVA PROGRAM PROCEDURE NO: RIOI-NRP-703

AFPENDIX 1

-, %
« -
ot o
=
=
1] X
>
s
1 i i
z i
g e
s 1,
o -
R -3 .,
- s
PR
3 M o
Ta - =N

SUMVARY
J

.
-

i

RATING T!A

°t

G
4
T

==

b - -———
s .
. . N
[ - . ¢
o] o~ o <
%] ‘. .
a2 I’ :
g 3 3
c':
3

Py e

ek e e




NERVA PROGRAM PRGCEDURE

APPELDIX 1

-————— . —— oo

T aovd T NOLLOIES

|
|
|
_

gIYUNDO0 iva
JUTUM
NOLLYOQ1

JYNTIVL IC AdAL

INYN JEYd

FVTUES )
4 i

EIOWOAN | 9AEMUN | HISWAN

Juvd Y

*ON LOYULNOD

‘0348 00V

‘ON IVIMIS

TASSV O

aiva

UILTION TVH2e

AW | RUVEINNT NOLLOKNZTVI WAGHIAN Ldvd
IV THATIV
o ISV SunTIVY IHVN 1uVd

Fi, ore 10

e e

———




an

R101-NRP-703

NO

NERVA PROGRAM PROCEDURE

Xt

L

APPEND

apouD 183, jo adAjy,

Aouedornsyd Jo Ioquuni
20U21IN00Q IR 10 UO1edO]
(g1) FoquumN 1rodoyg Axuedoaosig
OPO) BN UV I

21u@ MHUSUBRLY, V.
IoQUINN
(gv.I) 1redasy stsdrruy danie s

syu(l Tmntwsuvay I

21B(] UOLILITJUION I21U01S0))
aaquinp (H.1) 110day ot nied
ayed oanned

IPOD DPOW OIN[TE]

19NN 1P110G AJQUUIISSY GOT,

Toquuny] ied uouodwo)

13quuna] Teteag juatoduod

Wy

1

RN

-
[

T

¢

&

2 QOF

PAGI

-



RIGI-NRP-703

O

.
1

NERVA PROGRAM PROCEDURE

APPENDIX 1

PO N P SO

30vd NOLLO3S

————— -y

i2

Fiq

ceis-fiisjel. ] Jrva

FUATIVA 40 TILL YN MV [ VICWON | UZERAN | SIENAN
FHAN/A IVIIas va ud
HOLLYDOT i
“ON LOVHINOD "ON TvhaEe 21va
oy At
*07dS 09V 4SSV dOL HAAWAN TVIHAS
AW | AMVILNAS NCLLONNJATVIA WATWAN 1V
a Iy EaTIYI i
B oo ST VN IV
M| sINaANCAWEeD drdviday AWYR ZHvd

48

OF

30

PAGL



NERVA.PROGRAM PROCEDURE NO: Rri01-NRP-703

AFPPENDIX I
1.C INTRODUCTION

A computerizea data file provides a uriform ard regulated system of infermation, trensmission,

and follow-up and provides for analysis and currective action regarding failures.

The purpose of the data file is tc record deficiencies in design, manufacturing, test and check-
out when reported via failure reports. It is coded to provide the failure data on NERVA components, to
aid ir. the deterrmination of {ailure rates and to help moniter failure analysis and corrective action for
product improvement. Test failures that are considered assessable against the relizbility requirements

of the part will he so noted.

The failure analysis and corrective action section of the data file is to dcenment failure analysis
ac*ion, the basic cause of a failure, ard the resulting reccrmmended corrective action. It also documents
the corrcctive action taken to close the failure-to-fix locp, thus increasing rcliability by prod-ct

Lmprovement,

The initial data inputs for the program are obLtained from failure reporis. This data, as well as
data not contained on the failure reports, but equally as important, is input t5 the computer file via key-
pinch cards. The data on each failurc is transcribed onto the Keypunch Transmattal by clerical and

engineering personnel.,

While the program uses some coded inputs (these inputs may te altercd to provide a system
of stardardizat’oa), all output reports are zonverted to plain language. The comiputer program used

provides for sorted output tased on any of the coded inputs,

Once data has been input to the data file, reports can be generated iminediately, It is required,
however, that users of the output reports notify REDCRS at least two days in advance when such output

reports are required,

To make this data file useful, it will be necessary for the REDCRS to receive feedback from all
potential and existing users, With this fcedback, problem areas will be resolved and the Reliability Data
Banks will be a useful tool to all o] NERVA,

2,0 RELIABILITY FAILURE SUMMARY PROGRAM
Figure 3 shows the Rcliability Data Collection Transmittal Form that will be used to convert the

data on Failure Reports to the data acceptable by the computer., Most of the data required on this trans-

mittal is in plain language, The codes that may be used are explained in Scction 3,0,
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NERVA PROGRAM PROCEDURE NO: RI(I-NRP-703

APPEXDIX 1T
Each field of Figure 3 has a number in brackets. T!is number refers to the detailed explanation,
The following list describes the minimum amount of data tlzat is rezquired to initiate a record in
the data bank. The iterns listed here are¢ tra=scribed from the Failure Report to the Reliebility Feilure
Suminary Pregrem by REDCRS personnel. The remainder of the items on the Transmaiital are coingleted
by the responsible Relizbility Fngineer.
TTEM* ’
1 Failerce Report Number
4 Date Failure Occurred
6
6a
6b Failed Itemn Name, Part Number znd Serial Nuniter
bc
be
2
7a
7b #¥Next Assembly Name, Part Nummber and Serial Number
7c
Te -
18 Manufacturer of railed Item
23 Test phase/Operation code
29 Project Code
3c Subsystem Code
2.1 DETAIL EXPLANATION: RELIABILITY FATLURE SUMMNARY FROGRAM
Item Card Columuns
(1) 1-9 & A-1 2-6 Failure Report Number (5 divits). This nced
oniy be enterca at the top left hand corner of
the transmittal,
(la) 1-9 & A-1 Failure asscssability code
* item refers to item numbers in the detailed rxplanation (Section 2.1)
Rl If the failed item s casily associated with a sutsystem, repeat 1ituins 6a thea fe 1o items Ta thru Je
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NERVA PROGRAM PROCEDURE NO: RIUI-NRP-703

APPENDIX 11

Item Card Columns

(2) 1-9 & A-1 8 Change Code (Leave Blank for addition of data;
enter the letter "C' if data in the ficld is to be
changed; enter the letter "D if deletion of any
field is required),

(3) 1 9 Status (Leave bLlank if failure is in process;
cnter the letter "C" if failure is considered
closed; enter the letter "H" if the failure was
closed the preceding month and transfer to
historical {file is requested).

(1) 1 10-17 Date Failure Occurred {Month-day-year
sequence).

(5} 1 18-21 Cumulative Operating Time of Failed Item
(Hours only).

(6) 1 22-38 Failed Item Name

(6a) 2 .22-23 *Prefix of failed item part number, if a prefix
exists (alphabetic).

(6b) 2 24-29 Part Number (6 digit)

(6c) 2 31-32 ~Configuration Dash Number (2 digit)

(6d) Z 33-34 “Eagirecring Order Revision Letter and
nunber that item was built to.

(6e) 2 26-39 Serial Number of Failed Item (4 digit)

(7) 1 41-57 Next Asscinbly Name (Refers to the nest
higher asseinbly of tne failed item)

(7a) 2 40-41 *Prefix of next asscimbly part number
(alphalctic)

{7b) 2 42-47 Part Number (6 digit)

* 17 this information is not available leave these ficlds blank.
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NERVA PROGRAM PROCEDURE

NO: RIOI-NRP-703

APPENDIN 1T

Columns

49-50

69-70

76-80

Item Card
(7¢) 2
(7d) 2
{(7e) 2
(8) 1
(8a) 2
{Sb) 2
(Sc¢) 2
(8d) 2
(Se) 2
{9) 1
{10) 2
(1) 2
{12) 3
{13) 3
% 1f this information is r .t available leave these fields blank

*Cornfiguration Dask Number (2 digit)
*Engineering Order Revision Letter and

nuinber that assc.nbly was built to (i.e., EO
Al, A2, ...A5, Bl, B2, ...B5, etc.)

Serial Number of next higher assembly (4 digit)
Highest assembtly rame (name of an assembly
associated with the failed item that can easily
be associated with a subsystem),

+Prefix of Highest Assembly Pa-t Number.
Part Number (6 digit)

“Confignraticn Dazh Mumber (2 digit)

#E-.gineering Order Revision Letter and

Number that assem®ly was built to.
#“Serial Number of Highest Assembly or
Spacecraft Serial Numnber failed ite'n was

interded for,

“Non-conforming Materials Report Number
(5 digit)

Respoasitle Engineer's Name

Discrepancy Departure Report Number (5 digit)

Mode of Failure Code

Descripiion of Failure (Alphanumeric

Descciption of Failure).
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NERVA PROGRAM PROCEDURE

NO: Ri0I-NRP-70C3

APPENDIX 1T

Columns

71-73

10-14

15-19

20-37

10-41
42-43
41-45

46-48

49.51

52-5¢

58-70

Time in hours required for diagnosis,
“Time in hcurs required {or repair.

=Timce in hours required for checkout after

repairs,
Reference Failure Report Number (5 digit).
Manuefacturer of Failed Item. Code: This
is the 3 digit number given to cach manu-

facturer in the government handbook 1H-4.

Nrmber of test procedure and parvagraph that

was being used wiien item failed,

Triled tem Cede

Disposition of Failed Item Code

Cause of failure code

Test Phase/Opceration ode

1f the cause of failure itemn (22) is a part
deficiency center the part type here otherwise
fcave th's field blank.

Fart micle of failire code

-Tae reference designation or symbol of the

failed part should be entcred here.

Scverity of Failure
1. Critical
2. Majo

3. Minor

“‘Oripinator's name and/or badge number

tem Card
{14) 3
(15) 3
(16) 3
(17) 4
(18) 4
(19) 4
(20} 4
(21 1
(22) 4
(23) 4
(24) 4
(25) 1
(26) 4
27 4
(28) 4
* 1f this inrformation is nut available leave these {ields blank,
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NERVA PROGRAM PROCEDURE NO: r101-NRP-703

APPENDIX II

Item Card Cclumrs

(29) i 71-75 Project Code (NERVA)

{30) 4 76-80 Subsystem Code

(31)=* 5 19-36 Part specificatioa of fziled part

(32)>+ 5 42-46 Marn.facturer of failed part. (Code: This is
the 5 dig:t number givern to each manufacturer
by government handbook H-4)

(33)~» 5 6£3-80 “Reference Report Namber, I failure was due
to a pert deiiciercy there slould be a report
frem parts a;plication as to the rnode and
cause of failure,

{34) S* 9-80 Cause of Failure. U ti . cause of failure
code item (22), is not a part deficiency
then disrejard itemns (31), (32) and (33).

Use this card to fully describe the cause
of failure code (item 22).

{35) 6 26-80 Failure Analysis

(36) 7 9-77 Continued Failure Analysis

(37) 8 27-78 Corrective Action

(38) 8 79-80 Correction Action Results Code (Se» code
appendix)

(3%) 9 9-77 Continued Corrective Action

(40) A 9-50 Corrective .Action/Comments

(48) 1 9-80 Corrective Action/Coiminents

If this 1nformation 1s .ot available leave these fields blank,

v Ttems (31), (32) and {33) make up a complete card 3, If they are not used {item 22 is not a part deficiency)
then item (31) should be completed. Note that if atems (31), (32) (33) ~nd (2 1) are completed, two cards
exist,
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NERVA PROGRAM PROCEDURE NO: RICI-NRP-703
APPENDIX TT
3.0 CODE SECTION
1. Project Code
2, Mode of Failure Code
(a) Alphaletic Listing
(b) Numeric Listing
3. Failed Item Code
4, Failure Mechanism Code -
3 Cause of Failure Code
. Test Operation/Phase Code
7. Part Typue Code
8. Subsystein Code
9, Corrective Action Code
3.1 Project Code
Four letter abbrevation of the project name (optional), such as:
NERYV NERVA
APOL ADLOLIO
TITA TITAN
GEMI GEMINT
3.2(a) Mode of Failure - Alphabetical Listing
034 External Leakage
005 Faile t> Cles » {Emergency Close Speed)
004 Fails to Ciose (Normal Speed)
003 Fails to Open
co2 Inad-ertent Closure
001 Inadvertent Open
Etc,
3.2(b) Mocde of Failure - Namcric Listing
001 Inadvertent Open
002 Inadvertent Closure
003 Fails to Opun
004 Fails to Cluse (Norinal S;ced)
005 Fails to Close (Emergency Close Speed)
Etc,
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NERVA PROGRAM PROCEDURE NO: RIOI-NRP-703

APPENDIX 11

3.3 Failed Item ldentification Code

Failed Ttem Code
Adapter-Actuator 1
Adapter-Bearing 2
Adapter-Power Spring 3
Ball 4
Ball-Ball Screv' Mech. 5 -
Ball-Lock 6
Bearing (Roll.El.) 7
Bearing-Slecve 8
Bearing-Thrust 9
Bearing-Thrust Was' 10
Betlows 11
Pody 12
Bolt(s) 13
Bolt-Shonlasred 14
Bushing 15
Cary 16
Cam Fcllower 17
Cam-1 ocking i8
Cam-Sc2a! Lift . 19
Cap-End 20
Carrier-Plarct Gear 21
Clutch 22
Cone-Flow Guide 23
Connector-Electrical 24
Cuupling 25
Cover-Plan, Gear Carrier 26
Cover-Potentioinvter 27
Cover-Pressure 28
Ccever-Seal 29
Flange 30
Frame-Seal Lift Assembly 31
Gasket (Crush) 22
Gate-{Fa pper) 33
Gate (Rotary) 34
Gears 35
Gear-Fixed Ring . 36
Gear-Outpat 37
Gear-Pinion is
Gear-Planct 39
Gear-Sun 40

Bte.,
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NERVA PROGRAM PROCEDURE NO: prol-NRP-703
APFENDIX 1L
3.4 Failure Mechanisin
Mcechanism Code
Bearing Stress 1
Bending Stress 4
Compgression Stress 3
Envirommental Stress +
Fatigue Stress 5
Impact Stress 6
Shear Stress 7
Shear Stress, Gailing 8
Tensilc Stress 9
Therimnal Deterioration 10
Ete.
1.5 Cause of Faiulure Code
CAUSE OF FAILURE Code
Mfg/Wiring error 0l
Mfg/Assembly error 02
Mic/Mishandled 03
Miz/Workmanship 04
Mig/Oper personnel 05
Mfg/Wroung . art inst, 06
Mig/Missing part 07
M{g/Test equipinent 08
Mig/Shipping dunage 09
APart def/Prim fail. 20
“Part def/Scc failure 2]
Fart def/Out of spec 22
Part def/Deterior 23
Part def/End of life 24
Part Elect, Overstress 25
Part def/Vendor QC 26
Part def/Vendor spec 27
Urder investigation 31
Custumer/OpPersonnel 12
* Coudes to be develuped
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NERVA PROGRAM PROCEDURE KO: RIGI-NRP-703

APPENRDIX U

Cause of Failure Code
Customer/T~st Equipment 33
Customer/Change Regq. 34
Customer/Handling 35
Technical Order 38
Eng/Design Error 39
Eng/Part Appi.cation 40
Eng/Circuit Incompat 41
Enp/Swsec Err/Change 2
Eng, Test PE/Change 43
Eng/Excess Tolerance 44
Eng/inssf Tol/Safety 45
Eng/Test Equipment 46
Eng/Oper Pcrsonnel 47
Eng/Draw Error 48
Eng/Parts Layout 49
Ernv/Altitude 50
Erv/Operationsl 51
Acceleration 53
Humidity 56
Pressure 59
Shock 65
Storage (3
Temperature 7l
Etc,

3,6 Test Operativn/Phase Code

TiPE_"EST OPER/FHASE CODE

Jp/Resistance &0
Op/Calibration 61
Op/ Testing 62

PAGE 40 OQF 48




NERVA PROGRAM PROCEDURE NO: RI0I-NRP-703

APPENDIX 11

Type Test Oper/Phase Code
Detail/Assembly Area 7t
Acceptance/ T/V 7l
Bencth Post Vib, 72
Vibration 73
High Temp 74
Low Temp i5
Shock 76
Post Temp/Alt 77
Production Test 76
Post Env. Bench 79
Vendor/Temp S0
Verndor/Vibration 81
Vendor/Final 82
Etc.

3.7 Part Type Code

Part Type Code
Res/Carbon Film RCF
Res/Carbon Comp. RCC
Res/ Metal Film RMF
Res/W W Accurate RVA
Res/WW Power RYP
Res/WW Variable RWV
Res/Carbon Comp/Var RCV
Res/Thin Film/Nrwk RTN
Res/Metal Oxide RMO
Diode/S11 General DGS
Diode/Sil Zener/Ref DZE
Diode/Sil Switching Dss
Diode/Sil Tunnel DTU
Diode/Sil Varactor DVA
Diude/Sil MicroMixer DMM
Diode/Sil MicroDtetr DMD
Etc.
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NERVA PROGRAM PROCEDURE NO: RIM-NRP-7(3
APPEIIDIX T
3.8 Sabsystem 2. Type Failure Code
VALVE - Adverse Tolerance VAol
Stacx up
Ball Splire Racewav VACO2
Too Shallow
Bearirng Installation VAOCL3
Discrepancy
Bearing Ring Raceway VAOQ4
Too Shallew
Bearing Seizure VAQSS
BenJing (Due to Misalignient) VAGOS
Cantact Arcle Mismatched to VAOO7
direction cf load
Contamination . VAl 08
Contarmination, Conductan.c over VACO?
sarface of insulator
Corrosion of Incompatible VAOlO
Materials
Corrosive Atmiosphere VAt
Cryouge-.ic Brittle ness VACL2
| AT
3.9 Coerrective Action Code
fedsign col
Specification Charnge o
Procedure Change ()
Retest 004
l Accept As s 0ncy
: Etc.
* The subsystem code includes the tvpe of «ootributory mechanieon (3 digits)
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NERVA PROGRAM PROCEDURE

NO: RIOI-NRP-793

APFEXNDIX 11

A RELIABILITY FAILURE SUNMARY REPCRT DATA ITEN DESCRIPTION

4.1 Each report siall contain the information listed below pertaiming to failures of NERVA

2 the (ERVA Program.,

ey T oany coustitient clemenis thercof detected dur

g activns  onducted by or under the cognizance

€.2 Lasting of Key Data From Irdividaal Failure Reports. A scction of cack summary report

siall Lruwvide 2 columnar list*ng of princigal data irom cach {ailure repori gencrated during the report

remed,  As a minununs, the data stall be as listed Lelow and thie format of 1its gr~ entation in the report

shall T as propesed by the NERVA Reliability and approved by the government,

arlire rejari sumber

sy, lesign, sceries

: rnial No.

Accumulated timme on system

Date of farlure
deatification by sihsystem and/cr assembly
3 nsystem/arsembdly seral number

Faticd coeiaponent by part number

Fatled coiponent scrial nuimber

Fauled conponent manufactarer

Ace raulated e on ¢ apenet (time on

Commrone:t at tune ol trondble, tune in hours,

iz etes, ovoies avd/or calenadar arclading
anter of starta il ay plicabdle)

eccentlatere of faceed component af

Ly Loatle

rireo ast snanaefacturer

locthiettien Ly circlat location

Deaortndion ander gvintom of {atlure

Definitions of Terms

No clarification reguired

This refers to the identification of the system, cquipiment,
etc,

No clarificaticn required

Tune in hours, cycles, days, ctc., whichever is
applicatle.

o clarification required

o clarification required
NNo clarification required

Thit refers to the ‘dlack box" univ, the itemn that is

rormually removed fron the wohiicle for repair or on
wlich maintenarce is required,

No ¢larification reguired

No clarification required

Accuinulated *une should be spelled out in time, cycles,
or calendar days, whichever 1s most agplicabli: to the
camponent,

This reicrs to the nart that was repaired or removed

and rrpiaced in tie comgonent,

v ciamincation reguired

For the par nse of tdentifying the piece part in case

st eral piece parts by the samce name arc utilized i

e component,

Viether it was short, open, beyvond allovables tolerances,

clc., asd the casse of fa.lure if knewn, Stressces acting

o failed part, of known, should beancluded. This
arav have to Be left open antil fadlure analyses are com-
ileted, MW left vpen, the agenay investifating the cause

g expected date of completion should be stated.

PAGE i3 QF ix




NERVA PROGRAM PROCEDURE NO: RICI-NRP-703

APPENDIX 1

AT f

+Fault location time

*Fault correction time

*Corrective maintenance tume

"Reason for corrective maintenance *ime
(if corrective maintenance time is niuch
greater than the sum of fault location time
and fault correction time)

Trouble severity

Catastrophic

Critical

Major

Minor

Categorization of failure (primary or
secondary.

Corrective actior. recommended to avoid
repetion of trouble

Dates of completion and final closeout of

corrective action

Number of cccurrences of trouble itemized
as to specific cause

Total operating time

*¥*Total number of units in use at time of

trouble,

* Optional

Definitions of Terms

The time required to identify the trouble; particularly
applicable to testing si1ace it applies to the corfiponent,
That element of maintenance time during which a failuce
is corrected by (a) repairing in place; (b) removing,
repairing, and replacing; or (¢} removing and replacing
with a like serviceable item. This again applies to
testing either on or off vehicle.

The duration of time in which the effort is halted due

to actions performed, as a result of failure, to restore
an item to a specified condition.

No clarification regquired

Any failure which could resclt in death or injuries or
prevent performa nce of the intended mission,
Any failure which will degrade the system beyound

acceptable lunits zud create a safety hazavd (couid cause

death cr injury if corrective action 1s not immed:ately taken]

Any failur > which will degrade the system beyond acceptable

limits but vshich can be adequately courteracted or coa-
trolled by a.ternate means.

Any failure which does not degrade the overall system
performarce bevond acceptable limits ~ one of the
nuisance variety,

No clarification required,

No clarification required,

This required two dates: (1) when the {ix has teer
incorporated in the comionent subsystem or system and
(2) when suiiicient data are obtained to determine that the
fix has corrected the trouble.

The number of failures occurring on all components of
this part nunber,

The iotal operating time that has been accumulated on all
the components (of this part number) since manufacture
or overhaul.

No clarification required,
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APPENDIX TT

4.3 Tabulation of Cumulative Failure Statistics. A section of each summary repcrt shall
provide a tabulation of cumulative statistics pertaining to failures repcrted under the contract from its
imtiation through the data compilation cutoff date for that report period. The identification and statistical
data tabulated and the format of it presentation shall be as proposed by REDCRS and approved by the

government,

4.4 It is intendeded that the formation contained in these reports shall be sufficient to provide
the government with the visibility required to recognize all significant reliability problems detectable
through use of the NERVA failure data collection and analysis and corrective action system; also sufficient

to accomplish timely evaluation and direction of the Program's efforts in this respect.
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APPENDIX 11
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NERVA PROGRAM PROCEDURE NO: Ri01-NRP-703

APPENDIX T
FAILURE ANALYSIS — Ar 5ct-General Corp.
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Figure 2
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1.0  FURPOSE

control for use in the NERVA engine.

2.0  APPLICABLE DOCLMENTS

apply:

Specifications

Military

MIL-T-27

MIL-C-15305

MIL~F~15733

MIL-C-18388

MIL-T-21038

MIL-F-39025

MIL-C-5518%

1.1 This document establishes the minimum requirements for parts and material data selecticn and

These requirements encompass parts selection, quality and reliability

assurance requirements, specifications, procurement, and failure analysis.

1.2 This document will promote, encourage, and ensure the selection and use of parts that will

complement and contribute to the accomplishment of the mission of the NERVA engine.

The following publications form a part of this document to the extent cpecified herein. Unless

otherwise indicated, the issue in effect on the date of invitation for bids or request for proposals shall

Transformers and Inductors (Audio, Power, and High Power Pulse)
General Specification for

Coils, Radiofrequency; and Transformers, Intermediate and Radio-~
frequency; General Specification for

Filters, Radio Interference, General Specification for

Coils, Tube Deflection; and Coils, Tube Focusing

Transformers, Pulse, Lower Power, General Specification for

Filters; digh Pass, Low Pas=. Band Fass, Band Suppression, and
Dual Functioning, Established kReliability, General Specification for

Coils, fadiofrequency, Intermediate and Radiofrequency Transformers
Microelements, Inductive

Y
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2.0, Applicable Documents (cont.)

George C. Marshall Space Flight Center

MSFC-SPEC-3139

Standards

Military

MIL-STD-202

MIL-STD-1470

MIL-STD-1471

MS33586

Relays, DC, Hermsccically Sealed, for Space Vehicles and Ground Support
Equipment, General Specification for

Test Methods for Electronic and Electrical Components Parts

Guided Missile Preferred Items List, Electronic and Electromechanical

Guided Missile Preferred Items List, Mechanical and Materials

Metals, Definition of Dissimilar

George C. Marshall Space Flight Center

HSFC-STD-~355

Dravings

Radiographic Inspection of Electrcnic Parts

George C. Marshall Space Flight Center

85M02704

85M02706

85M02713

85M02716

85M03877

85M03926

85M03927

Microcircuits, Quality Assurance and Screening Requirements for. High
Reliability

Microcircuits, High Reliability Qualified Products List

Discrete Semiconductor Devices, Quality Assurance and Screening Require-
ments for, High Reliability

Preferred Electrical Parts List for AAP (Formerly Preferred Electrical Parts
and Materials List for ATM)

Microcircuits, Line Certification Requirements for

Design and Quality Standards for Custom Hybrid Microcircuits

“"Carrier Mounted" Chip Devices, Specification for
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NERVA PROGRAM PROCEDURE NO: R101-NRP-704

2.0, Applicabie Documents (cont,)

Publications (Government)

National Aeronautics and Space Administration

NASA TM X-53328 Terrestrial Environmeut (Climatic) Criteria Guidelines for Use in *pace
Vehicle Development, 1966 Revision

NASA TM X-53798 Space Environment Criteria Guidelines for Use in Space Vehicle Development,
1968 Revision

(Copies of specifications, standards, drawings, and publications reguired by contractors in conrection with
specific procuvement functions should be obtained from the printing activity or as directed by the contrac-
ting officer.)
3.0 POLICY

The requirements of this document will apnly for all NERVA engine components.
4.0 DEFINITIONS

4.1 PART

One piece, or two or more pieces joined toguther whicl, are not normally subject to disassembly

without destructjon.
4.2 PREFERRED PARTS
Those parts selected as preferred tecause of their proven quality and reliable performance, and
which are qualified to the established requirements, controlled by adequate specifications which employ
screening where applicable, and manufactured under an effective quality assurance system.

4.3  NONPREFERRED PARTS

All parts which d- not meet the requirements of preferred parts are considered as nonpr2fercvd.
This does not preclude their use provided they meet selection and control requirements established bs this

docuxent.

4.4 ELECTRICAL PARTS

Items designed to ba used in electronic or electrical circuits. Some examples are capacitors,

resistors, relsys, switches, inductors, semiconductor devices, and microcircuits.
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4.9

rions (cont,)

MECHANICAL PARTS

Items which transmit, contain, support, or hclc static or dynamic forces in mechanical sysrems.

shall include, but not be limited to, the following categories:

a. Bearings
b. Bellows .

c. Fasteners

d. Filters, nonelectrical

e. Firtings, tubing and hose

f. Gaskets and seals

[ Hoses

h. .founts, resilient

i. Tubing, casings and sleeving

j. Wire, ncnelectrical (includes cables)

ELECTRO-MECHANICAL PART

An assembly of electrical and mechanical parts for providing a specific function. For the

this document, these devices are considered not subject to disassembly or maintenance. Esamples
synchros, accelerometers, indicating instruments, etc.

SCREENING

The application of appropriate stresses to an electrical part for the purpose of accelerating

hanisms to the point where they can be detected by parameter measurement OT inspection.
NONDESTRUCTIVE TESTS

Tests which produce no significant evidence of cumulative degradation of any part in the sample
red nondestructive. Some examples which are considered nondestructive for most parts are X-ray,
ure, seal leak, etc.

COMPONENT

A combination of parrs, subassemblies, or assemblies, usually self-contained, which perforus a

distinctive function in the operation of the overall equipment.

PAGE 7 OF 18
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NERVA PROGRAM PROCEDURE NO:  Kiul-NRP-704

4.J, Definitions (cont.)

4.10 FAILURE EFFECT CATEGORIES

4.10.1 Category 1

Failures which produce ro significant performarce or safety degradation of the systen,
allow continued operation in the normal mode throughout the rated ergine life, and no not result in the

addition of single-failure-points to the systenm. .

4.10.2 Category I1

Failures from which the engine can recover and still meet its normal-node performance
and service life requirements by switching to or reverting to a recovery mode, b>ut which do result in the
addition ot single-failure-points to the system. Failures in this categery are further subdivided as

follows:
4.10.2.1 Category IIA

Failures which degrade the safety of continued operations, but which do not produce
transient effects and, at the time of failure, do not require automatic or ms ual action for the recovery

mcde. Failures ol safety systems and standby redundant components fall within this categosy.
4.10.2.2 Category lIB

Failures which are compensated for automatically by the normal control iode or which
produce transient effects which can be tolerated by the system aud wnich permit tine for humesn i.dgment to
be exercised on the method and desirability of th. recovery mode. Failures which vequire “he functiuvning of

safety systems or redundant components to preclude Category IIIB effects fall within this category.
4.10.2.3 Category IIC

Failures which require immediate malfunction detection and sudsequent actisn to
remove or lessen the transient effect and to preclude system damage. Swuwitching to the recovery mode is
usually accomplished automatically by the malfunction detection systen or by the engine control _vstem.
Failures wiiih require the automatic functioning of safety systems or redundant components t preclude

Category 1V effects fall within this category.

4.:0.3 Category III

Failuros which result in inability of the engine to mcet its normal-mcde performance
or service-life requirements but which alluw emergency mode operation or single turbopump operation. Failuses

in this category are further subdivided as follows:

PAGL 3 OF 18
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NERVA PROGRAM PROCEDURE NO: RIO1-NRP-704

P S Category I1JA

Fastlures which require séngle turbopump (peratica.
«.10.3.2 Categery [11B

fajlures which regiire edergency =o>de operation. -

4 10,4 Category IV

H

Fatlures which result in direct injury to the crew, endanger the earth’s population, or
dazage the zpacecrafi or other s1age =odulus upon =hich (rew survival depends and/cr which preclude cacrgency

2L L Teralion.

wy

Tais L3lezory ancludes fatiures which preduce one or muse of the foilowirg system efiocts:

a. Unco.reczed thrust veclor misalign=ent.

b. loss ¢f f.7ust 2o Jess than thit vequited to effect operaticn in the emergency
®ode.

Inabiliry to reduce thrust or ynsuccessful shutdewn and/or cooldown which preciudes
chgine Teslart.

COMPONENT TYPES

.-

Cimponenis have been classified intc .hree types, sccording to their devclopment status.

=oilol e d
Twpe I~ aew comp aent desigaz.  Jhis dncludas the nev desiyn portions of existing
e oanentl s,
N Ivpe 11
gt LD o~ ausasified froz precicus prograns hut
s A3 r r o

Tvpe 111 - component design is ostablished and cualificd fro= previcus proprans and

the eguapmaent %as heen manufactured and (s “on the shelf.”
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5.0  PKOCEDURE

5.1 CO/PONENT TYPE CONTROL REQUIZEMENTS

The requirements of this documeat shall apply to cemponent Types 1, 1I, and III and hazard

categories I, IIA, IIB, IIC, IIIA, 1IIB angd IV.

5.1.1 Type 1 Cooponents

The following control elemsents shall b~ izposed on Type I components:

a. Select and use preferred parts.

b. A list of any nonpreferred parts shall be available to SNPO-C for review.
c. Perforu design applicaticn review.

d. wetermine accepiability for nonpreferred parts.

e. Prepare specifications for nonpreferred parts.

f. Cenirol procurement of preferred and nonpreferred parts.

k- Review engineering parts list.

h. Perforn compr thensive receiving inspecticn.

2. Perfcra £3ilure analysis cad take corrective zcoticn.

5.1.2 Type 17 Components

The control elements 1isted below shall be imposed un Type Il componeacs. .ny redesign

or modification shall be treated as Type I.

3. Review failure histcrv »f corponents in previous programs o identify troublescme
parts. Jeplace such parts with parts frem ihe preferred parts list where possible,
or with screened parts, or parts which have successfully completed adequate non-
destructive testing.

5. Select and use preferred parts where these paris -rc directly interchangeable.

c. Review the parts list and identify parts that have high failure histories or mav
present a hazard in space flight appiications. fuch parts shall be replaced ith
parts that aie asre suitadble.

d. A list of al} nonpreferred parts shall be avrilable to SNPO-C for review.

«. Prepare specificativns for neapreicrred parts that must be procured. If the part

has aircady DHeen prcoured and is cn hand, perform appropriate screening, cr ncn-~
destructive testing.

"

Contrcl procurement of prelerred and nonpreferred parts.
5. Review engireeriny ; . list.
h. Perform comprehensive receiving {rspection.

i. Perforn failure analysis and take corrective action.

PAGE .. OF .-
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NERVA PROGRAM PROCEDURE NO:  RI01-%Rr-704

5.1, Component Type Control Requirements (cont.)

5.1.3 Type 111 Ccemponents

The control eledents listed bel:w shall be iaposed on Type 111 components. .aay

redesign or sodification shall te treated ac Type I.

a. Revied failure history of cozponents in previous programs to fdentify troutiescone
parts.

b. ~hen a troublescme ctr hazardous part &s identiiied, attexpts shall be aade to
teri and screen the lowest subassexbly to determine the acceptability of the part.

c. when the part cannot be tested or screened at the suitassenbls ,cvel or wnen
failure is encountered at this level during the test, the prrt stall be replaced
by a preferrec or adcquately tes:ed or screcned part.

d. Reviev engineering parcs list,

e. Perform faflure analysis and correcctive action.

5.2  PARTS SELECTION

Design activities in cooperation with parts sperfaiiste shall astablish nrocedures for effective
control of parts selection. The selecction criteria shall ensure that the ainimuz nuzber of part types
feasible are used. In crder to accomplish this, designers are encouraged to use microcircuits to the maxi-
=uz extent possible Lecause of the advantages of their low wveight, volume, and power cousu=ption, higher
level of reliability, and lower costs. Parts shall be capaple of meeting the operaticnal and eavironsental
criteria. (The prime contractor s fully responsibie for the sazisfactory performance of each jpast in
accordance with the contractual requiremsnts, regardless of the source from which the part was selected or
whio Wwrote or approved the controlling docuzentaticn.) The flazmadility and outgassing rroperties of all

parts and materjals shall be considesed and rmust cozply with the requireaents for the applicable systea.

5.2.1 Electrical Parts Selectaon

Clectrizal parte required for use in ongine shall be seiected in the fcllowing order

of precedence:

5.2.1.1 Electrical Preferred Parts Lists

Initial selection shall e made fros MSTC Drawing BIM72716, (r lists which are

furnished by SNPO-C. At a later date, other 1ists may be supplied as requirements dictyte.

PAGE :: QOF if
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5 2.1.1, Electrical Preferred Parts Liszs (cent.)

5.2.21.2 Ncnpreferred Farcs

a. Monolithic Microcircults. WwWhen the T cter's dusign cemmot be sazisfied by
micvocircuiss cn the preferrec list, s geiclt oTher —xc:o:;rculzs wnoRe
designe thrcugh use, aperience, .nd T€s5ts, ore $Li1WT C"h’.& cf zeetin
his needs. Sgecifilzaticons (f.ragraph e.«) zhall le prepared for these jparts and
thev shall b purchased only from zmanufarturers vhise lines Lave been certifiled
{n accerdance wits e 234477, nd are listel ir tne Certified Lines
List of WiC Draw , and for tune prozess sieps I0r wnich the zanufac-
turer has cerrific wacn A 2lezolivuiit manulactorer wiln a certifiec iine
canaot be trand, ~NPU-C chxll te notifsed (Paragraph €.25 in order that artion
23y be taken to cerzify the li-es.

o Microcircuits, aybrid. Al Lyirid =icrilirculls tuat can o cliassiflec us cusios
designs saall be designed, =ascfactured, inspected, and tesicd (n accordange
with MSFC Urawing 8iM03%226, ar? dcsi‘1s irat ure “rarrier zcunzed” enip devices
shall be in ascordance witn MEFC Drawing 85403927.

c. All other nonpreferred electrical , .rts shall be selecicd using criteria in the
order of precedence shown.

[§ Y] Parlx previously 3ual8ficd feor uge in e space and terresirisl environacnts
or eguivalen: reguireseais.

(2) Parts previously qualificd im other programs on which there is considerabie

2rs that demsmotrater sonformances

{3) Parts listed in MIL-5TN~1470.

(%) Parts listed in the contractor's preferred parts lists and are suitable for
the equipaent.

(5) Other sources 33 necessary.

wenpreferred parrs shall be sciecicd with exacting consideration given %o the {nherent
capability of the parts to withstand the space and terrestrial envircazants nd asscrance of adequate

controis. Each nonprefc.red part uscd shall be avaliable to SKP0-. for review.

5.2.2 Me...anfical Parts Selecticn

Mechanizal parts seivction for the LEVA ¢ngine shall, 4s 3 =i:imux, ccnsider the

tolluaing regridirements:

§.2.2.1 Mernhanical Prefersed Parts

Mechanical parts 2nd fasteners shouid be selected fron ¥SFC Document MSFC-FPD-600,
Volune 11, "Piefvrred Pares, .iechanical™; ({)litary 3heet Standards (MS); MIL-STD-1.71; .and Air Force-.avy
(AN) Standarcs vhenever practicsl. Mechanical parts ane fastencrs wiich are not avallablie {: the {sregoing
standards =2y be selected from equivalent standards previded test data and expericnce have been obtained

which verif{fes 2enpliance with the rejuirements {=prsed “erein.
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5.2.2, Mechanical Parts Selection (cont.)

5...0.2 Workmanship

Mechanical parts should be coastructed and finished utilizing manufacturing processes
that will ensure a quality product. Visual inspecticn shculd not reveal defective plating or painting,
deformed rivets, incomplete welded or brazed joints, nmachining burrs cr slivers, and inadequate or illegible

part marking.

5.2.2.3 Dissimilar Metals

~zc

Dissimilar metals, as defined in MS3735¢, should not be csed in combination unless they

are suitably protected to prevent electrolytic corrosion.

5.2.2.4 Corrosion of Metal Parts

The NERVA engine mechanical parts should be constructed of metallic materials or
=aterials with proven corrosion resistance characteristics. Metal parts shculd be protected {rom corrosion
by stress-relieving, plating, ancdizing, chemical coatings, organic finishes, or combinations thereof
o2 that such protectiosn ig compatible with the cperating enviromment requirements as defined in

TM X-53328 and TM X-53798.

5.2.2.5 Moisture and Fungus Resistance

Except ¢s otherwise required by detrail design consideraticns, only rnaterials which

resist damage from moisture and fungus should be used.

5.2.2.6 Meteoroid Protection

Parts must be capable of withstanding or be provided protection from meteroid penetra-

ti-on when subjected to the metercid flux model specified in M X-53798.

5.2.2.7 Lubrication

Lubricants ured in mechanical and electro-mechanical parts not hermetically sealed
should be suitable for use in the space environment as defined in TM I’-33798. Sliding or rotating bearing
surfaces not normally lubricated should not produce excessive friction or cegrade in a hard vacuum caviron-

oent.,
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5.3  PARTS LISTS

Parts lists shall be submitted to SNPO-C that will be suitable for technical review. Two types

of listc are required; the nonpreferred parts list and the engineering parts list.

5.3.1 Nonpreferred Parts List

A listing of all nonpreferred parts proposed for use shall be available for SNPO-C
review. This listing shall include part identificatien, application, ccntrolling documentation including

all existing documents and engineering orders, und prcbable sources.

5.3.2 Engineering Parts List

Prior to design release to fabrication, the contractor shall compile and have available
for SNPO-C review an engineering parts list containing all parts used, both preferred and nonpreferred. This
parts list is the same as that required by documentation standards for good engineering practice and does
not constitute an additional drcumentation requirement. All rnonpreferred parts on this list shall be
identifiable on the nonpreferred narts list described in Paragraph 5.3.1. Changes shall be compiled and

supplenentary submission made each month to SNPO-C.

5.4  SPECIFICATIONS

Maximum use will be made of the specifications listed in the preferred parts lists. In addition
to the preferred parts specifications, maximum use will be made of other apprepriate specifications. For

all nonpreferved parts for which an adequate specification cannot ke found, specification shall be proposed
including the following criteris, as a mininum:

a. Complete identification of the part.

b. Physical (including marking), enviroumental, and performance requirements.

c. Quality and reliability assurance reguirements inclviing, when applicable, screening, non-
destructive tests, -vorkmanship, .nspections, and electrical and environmental tests for
qualification and acceptance.

5.5 PARTS QUALIFICATION

Parts shall be used which are qualified for the application, based on existing data, similarity,
or higher level of assembly testing.

PACS 14 OF 18
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5.5, Farts Qualification (cont.)
5.5.1 Existing Data
Jata on identical parts which applies to part tests performed at stresses equal or

greater than those anticipated and availi.ble from the Interagency Data Exchange Program (I1DEP), .Jdilicary,

or contractor testing may be used to establish acceptable qualification.
5.5.2 Similarity -
Qualification by similarity may be acceptable if the similar part is of similar design,
procured to equivalent specifications, fabricated by the same manufacturer using the same processes and
quality controls, and the performance differences are identifiable, measurable, and not great emnough to

invalidate the similar testing data.

5.5.3 Higher Level of Assembly

Qualification testing of a higher assembly may be accertable if it is restricted to
the specific part application within that assembly, the assembly is qualified by test, qualification can
best be demoustrated at this level because of the specific application of the part, and the assembly level
represents a reasonable balance between applicaticn, usage, test objectives, facility availability, and
schedule requirements. This level of testing does not qualify the part for other applications. If adequate

test data are not available in any of the above categories, qualification by test may be necessary.

5.6  PARTS SCREENING REQUIREMENTS

Screening tests shall be performed on each electrical and electronic part in Criticality
Categories I, IIA, IIB, TIC, IiI, and IV bardware. Where existing specifications du not impose adequate
screening requirements or new specifications are required, the following documents and recommendations shall
be imposed with additions as required to assure reliable parts for ihe application. The following require-

ments and Jocumen:s are not to be used when an approved specification exists:

5.6.1 Diode, Transistor, and Rectifier Screening

Diode, transistor, and rectifier screening shall be accompiished in accordance with
85M02713.

5.6.2 Microcircuit Screening

Jdicrocircuit screening shall be accomplished in accordance with 85M02704.

PAGE 15 QF 18
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5.6, Parts Screening Requirezents (cont.
» g Fegq

5.6.3 Capacitor Screcening

Capacitor screening shall be accomplished in accordance with the requirements of
Appendix A,

5.6.4 Resistor Screening

desistor screening shall be acromplished in accordance with the requirements of
Appendix B.

5.6.5 Relay Screening

5.6.6 Electromagnetic Part Screening

Electromagnetic part screening shall be accomplished in accordance witih the require-
ments of Appendix D.

5.7 PROCUREMENT

Preferred parts shall be procured only from sources listed in the applicable qualified products
list (QPL), and in accordance with the requirements of the applicable specifications. When a new source is
considered, thig source must be qualified. Similar QPL's shall be established and utilized to procure nca-

preferred parts. All sources of supply selected shall be available to SNPO-C for review.

5.8  PARTS AND MATERIALS PROBLEMS

Problems with parts and materials such a¢ failures or discrepant conditions, which are of mutual

concern to SNPO-C and contractors, are reported utilizing the ALERT svetem.
5.8.1 ALERT System

Alerts are issued in two categories, i.e., c.2 type which reguires action by SNPO-C and

the contractor and one type which is sent for information only and requires no action by the contractor.

a. Action ALERT. When identified by the title “ALLRT" only, action is required by

the contracter. The following steps shall be performed to support the ALERT
system:

(1) Maintain adequate records to assess ALERT's.
2) Respond to action ALERT's within seven days of receipt, identifying specific

applications, ocating the extent of applicability of the ALERT, quantity of
the subject parts used, and where used.

Relay screening shall be accomplished in accerdance with the requirements of Appendix C.
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5.8.1, ALERT System (cont.)

(3) Conduct the necessary engineering analysis tc determine the action to be
taken and within three weeks of receipt of the ALERT, submit to SNPO-C the
results of the analysis, and action taken, and further actions necessary fo
correcr any discrepancies or eliminate potential problems related to the
subject of the ALERT,

(4) Participate in the NASA ALERT system through the initiation of reports to
SNPO-C concerning significant parts or materials problems detected.

b.  ALERT (Information only). When identified by the statement "sc¢nt for information
only, no action required", SNPO-C considers that the problem has no impact on the
program. The information only ALERT is sent to the contractor to make him aware
that a problem exists. However, if the contractor determines that the problem
does have an impact on the program, ne shall immediately report this to the con-
tracting officer.

5.9  FAILURE ANALYSIS

A failure analysis of all parts which fail shall be conducted in accordance with NRP-XXX

(Failure Analysis).

5.10 PARTS APPLICATION REVIEW

During design review, a thorough parts application review shall be conducted to determine the
applicebility of each part in the design to the mission profile requirements in order to assure that the
part is not used in a manner that will contribute to performance degradation cr failure. The parts applica-
tion review shall be thoroughly documented and shall be considered a checklist item in the design review.
Within 30 days of completion of each parts applicatica raview, documentation shall be made available for
review by SNPO-C, The contrac:zor shall take immediate action to correct any deficiencies brought out in

the review.
5,11 RECEJVING INSPECTION
Inspections and tests on all procured parts shall be performed to verify conformance to the

requirements of the controlling documentation. Cperations performed at receiving insp:ction shall include

the following:

a. Verification that documentation required to perfcrm the inspection is available.
b. Inspect supplier documentation for accuracy and adequacy.

c. Check for shipping damage and count,

d. Pertorm inspection 1a accordance with inspection procedures.

PAGE 17 OF 18

PR



l_\lERVA PROGRAM PROCEDURE NO:  w101-NRP-704

5.11, Receiving Inspection (coni.)

. Utilize only calibrated measuring equipment.
. Perform required tests and record the data.
Assign lot number as required.

Attach age control stickers as requirad.

Accept or reject parts.

Accept or reject nonfunctional parameters.

Complete records and file or forward data as required.

R L oI 08 @

. Forward accepted parts to stock; forward rejected parts for disposition.

5.12 P/RTS IDENTIFICATION

Each part shill, as a minimum, be permanently identified by the part number, manufacturer, lot

number or date code, and a symbol indicating successful completion of screening tests are required.

5.12.1 Identification and Traceability of Parts

211 parts shall be so identified and documented that they will be traceable to a
specific manufacturer and lot number or date code. Additionally, mechanical parts utilized in critical
structu :s should be purchased in distinct production lots or batches, .dentified as critical plece parts

and segregated from other lots of similar paris.

5.13 CONTRACTOR COMPLIANCE PLAN

The Reliability Plan shall describe the plan for ccempliance with each requirement of this docu-

ment.

5.14 DEVIATION OR WAIVERS

Any deriations from the above requirements shall be brought to the attention of the contracting

officer or his representative immediately and may be resolved only by SNPO-C directive or waiver.
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APPLSUIN A

MINIMM SCREENING REOUIREMLNTIS FOR CAPACITORS

1.0 CAPACITOR SCREENING

Capacitor Screening shall be accomplished in accordance with Table I and the applicable paragraphs

specified herein.
1.1 TANTALUM CAPACITORS -

1.1.1 Bum~In

a. Non-Solid - 100 per cent of rated voltage, at 85°C ambient for 250 :lg hours.

b. Solid - 100 per cen: of rated voltage, at 125°C ambient for 48 tg hours.
SOTE

Maximum circuit fwnedance (excluding capacitor) shall be 10 ohms for

non-solid and 3 nhrs for =znlid tantalem capacirors.
1.1.2 DC Leakage

a. Non-Solid - DC leakage shall be measured at room arbient and at 85°C within 5 minutes
after the capacitors have been connected across a source of the rated voltage. For nonpnlar capacitors,
neasurements shall be made in both directions.

b. Solid - DC leakage shall be measured using the DC rated voltage + 2 per cent at 85°C
after a maximum electrification period of 5 minutes. A 1,000-oham resistor shall be placed in series with the
capacitor to limit the charging current. A steady ~surce of powsr, such as a regulated pewer supply, shall be
used. Measurement accuracy shall be within + 2 per cent or 0.02 microampere (ud), whichever is greater.

1.1.3 Capacitance

Capacitors shail be tested in accordance with method 305 of Standard MIL-STD-202. The

following details and exceptions shall apply:
a. Test frequency - 120 + 5 hertz.
b. Limit of accuracy - Measurement accuracy shzll be within + 2 per cent of the reading.

c¢. Magnitude of polarizing voltage - Maximum DC bias shall be 2.2 volts for all AC

measurements of polarized capacitors. The magnitude of the AC voltage shall be limited to 1.0 volt rms.

PAGE 1 OF 15
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1.2

by means of a polarizeo capacitance bridge. The bridge shali , rovide a dial reading accuracy of 0.1 per cent
dissipation factor and s measuring accuracy of + 2 per cent of the .« isured dissipation factor plus

0.1 per cent.

1.1.5

tor » total of ten (10) cycles, performed continuousiy at tes: condition C.

of the follcwing metheds:

cover seal and lead wire of anode. Evidence of electrolyte leakage will be indicaccd by change of color of

Thymol Blue from ye!low to red. Remove the Thymol Blue with defunized water rinse.

test condition letter A,

i.1.6

CLRAMIC CAPAUVITORS

1.2.1

JMssipation or Fomr Factor

Tte dissipation factor of each cu[.®citor shall be measured at a frequency of 120 + 5 hertz

Seal
a. Mon-Solid
(1) Each capacitor shall be subjected to one (1) of the following condi.tioning tests:

(a) Tempersture cycle in acccrdance wirh method 102 of Standard MIL-STD-02,

(b) Thermal vacuur bake at 125°C and 10'3 torr for 24 hours.

(2) After above cond’c¢icning, test each capacitor for electrolyte leakage by one (1)

(a) Apply Thymol Elue (0.04 per cent) indicator tc each capacitor around the

(b) Test wich moistered blue 1{tmus paper.

b. Solid

Capacitors shall be test.] in accordance with method 312 of Stanuard MI.-:TD-202,

X-Ray

Per MSFC-SID-3>5.

Bt rn~In

a. 48 tg hours.

b. 125°C ambient.
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c. Capacitors rated above 1,700 VOC, 140, of raced voltage. Capacitors rated 1,000 "DC

-

or less, 200 per cent of rated voltage.
1.2.2 Dielectric Withstanding Voltage

Capacitors chall be tested in accordance with method 301 of Standard MIL-STD-202. The
fcllowing details shall apply:

a. Magnitude and nature of test voltage - Caraciters rated abeve 500 VDC, 175 pz2r cent

of rated volt~ge. Capaciturs rated 500 VDC or less, 250 per cent of rated vrliage.
b. Duratlcn of application of test voltage - 5 1 teconcs.

c. Points of application of test voltage - Unless otherwise specified, bet<ven the
capacitor-element terminals.

d. Limiting value of surge current - Shall not exceed 50 milliarperes (mA).

e. Examination after test - Capacitors shall be examined for evidence of damage and
breakdown.

1.2.3 Capacitance

Capacitors shall be tested in accordance with method 325 of Standard MI.-STD-202. The
following details and exceptions shall apply:

a, Test frequency - Urless otherwise specifiec, 1 megaherctz + 100 kilohertz wher the
nominai capacitance is 100 pF or less, amd 1 kilthertz + 100 hertz when the nowinal capacitan:ze {s greater
than 100 pF.

h. \Voltage - Unless (. herwise specified, root-rean-square potential of 2 + 1 volts sheli

te maintained within + 0.5 volt throughout the .'easurement.
1.2.4 Dissipation Factor

Unless otherwise specified, dissipation factor shall be measured ot the frecuency and
voltage specified in 1.2.3.

1.2.5 Insulation Resistance

Capacitors shall be tested in accordcnce wit® method 302 of Standard MIL-STD-202. The
following details chall apply:

PAGE & OQOF 15
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T.nis.
L ILANIS VS
3.3, zarn-in
PERZ-I
4. B o hours.
b. 125°C azbieat.
c.
¢. Suige currert iimited to D arDure maxitom.
1.3.2  Lislectric Withstanding Veltage
.
T Trape tes? o™il be perforned in accenrdezace «sith cthed 301
stoniard Mil-n, =202 . test voltape 20 Se W er cent of rated OC voltage for
rericd of 15 sec nds. Jimited to 1 avpere.
1.5, Tapacitance
Capa-itors " all te tested §n accurdemce with ~o0t 2 200 of Staalard MIL-S1D-202.  The
DToauns cvzails omall oa,plve
A, T.ost fregquency - 1,360 4 W00 nertr.
. MeusuTenent slouracy = £ 471 be woanin = 10T cent,
1.3.4 Jivsuration Factoer
The di-sipatien factor of cadh corscditor g1l he measured at oan AT v ltape ot greater
¢oao e wene of tae rated Toovrltae, at o frog o envy of 4, w4 00 hertz., Medsulo enl ac.ourd shall be
¢ i+ 0 oper cent,

a. Tuent holtage - rated DD owoliopl as s munanoT.
S, bBreotraficatior tive ~ 5 oseconds simirgz,

C. i.iat: of ceatureZenl - UZless (thermise spoCified, between the rmutuaily ins ‘lated
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1.3.% Insulation lesistance

Cepacirors shall be tested ir acrcrcance with nethod 302 of Stan ard MIL-STD-202.
fcllowing details =néd exceptions shall apply:

a. Test potential - katcd DC voltage.

a tomperature of 25° + 3°C or corrected the.eto per table 11, and at 125°"+ 2°C,

TABLE 11

INSULATION BESISTANCE CORRECTICN FACTORS

Degrees C Torrection Factor
20 1.4
21 i.3
22 1.2
23 1.1
24 1.0
25 1.0
rd 0.9
27 0.87
2L 0.82
29 0.76
30 0.1

N 0.57
32 0.03
kX] 0.59
% 0.5%
35 0.51

1.3.6 X-Ray
Par MSFC-SID-1355.
1.4 PAPER {PAPER-PLASTIC OR PLASTIU DIELECIRIC,) HERMETICALLY SEALED CAPAC. WL
1.4.1 Bum-In
48 tg hours.
b. 125°C ambient.
c. 100 per cent rated voltage.

1.4.2  X-Ray

Per MSFC-STD-355.

The

2. Terminal to terrinal - Insulation resistance shall be measured Letwren terz{nals at

PAGE ¢ OF
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detasrls shall applv:

icakage.

ciean sheet of absorpent naper and exposced 1o 2 case trnperature witrin

temperature for a mimamiz of T onirur. After the test, capacitors shall be visudily cxamined for cvideale o

Seal

[XY
<

Capacitcrs shall de tested in accordance with method 112 of MIL-STD-202. The feoliowing

8. Tes? condirion letter - Al

5. Exaxinaticn zfter test ~ Capacitors «hall be vigually exazized for cvidence of

1.e 3l Liguid filled capacitors may be tosted as folliowes:

Tapucitors shall Se placed with the terminales fating sidiwavs (ndt .;<ard) on @
+3 . .
-O.C of the appitcatic maxl in rated

leakage of liquid ot f4lling cozpound, or bublles froz the sezl.

l.e.6

Dielectric withstanding Volzoge

Capaciters shall be tested in accordance with =<ehd XS of Standard MIl-STi-202. The

foiloving details and excepiicns ashall apply:

8. Magnitude of test voltage - As spacified in Tadle INI.

5. uNatare of potential - OC.

c. Duration cf appiicaticn of text voltage - As apecified {n Jablr I1.

d. Points :f arpitcation of text wltage - As sxpecifierd in Table 111,

e. Exarination after tests - Capazitors shall be visually exan{ned for evidenie of

treas hewn, arcing, or other visible damage.

The capacitors shail be subdlocted, at the oprivn of the sanufacturcer, 2o the a7plicaticn

<€ 252 per cent of rated DC volrage for act less than 5 secondn, or 200 per cent for not less than 13 seconds.

for gqualite confortance inspection, aprlications of potential =ay de =ade detwoua each

torminal ‘adividuslly and the caze.
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TABL: Ill
Circulit~ Circult diagram Tes: points vagnitule Dursticn
lagrac of ezt of s;plicae-
sy=bol voltage tion of volt-
age
Per cen
vated K
voltlage Minutes
I--- o— (—v Terzinal to i/ 09 1/ 1
terrinsl
Terninal to
case 2/ 250
} -~ - gm—— {0 Teruinsl to 1/ 200 1/ 1
— terz:aal

l1.4.5 lagularion Resistance

Capacitors shali be zealed {n sccordance with =ethod W2, MIL-STD-202. The fellowing

details and exceptions shall apply:

a. Test potential - A potential aquai 1o the rated DC vcitage ot 500 VDC, whichever

is less.
b. FPoints of seasurezent.

{.) Terzinal to rerminal - Insulation resistance siall be measured hetveen terminals

at the saxi=un rated tesperature, + 3°C, and at 25 + 3°C or cerrected theretce.

(2) Terminals to case - When the (age is nol a ter=inal, the =easurenent shall be

rade between cach terminal and (he case at 25°C.

z. Time .onstant - The tire constant of the =aeasurcoent circuit with the capacitor

c.aneccted shall not exceed 30 seconds.
d. Surge current lizit - Yot to exceed 1 amper~.
1.4.6 iapacitance

Capacitors shall be tested in accordance with methed 305 of Standard MIL-5TD-202.

The following details shall apply:
a. Test frequency - 1,000 4 JOO hertz.

b. Limit of accuracy - Shall be within <+ 0.5 per cent.
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—

1.4.7 Dissipation Facrtor
The dissipation factor of capacitors shall be measured at an &AC veltage not greater than
J. per cent of the rated DX voltage and at a frequency of 1,000 + 100 hertz. Measurement accuracy shall be
«.thin + 2 per cent.
1.5 PLASTIC, HERMETICALLY SCALED CAPACITORS
1.5.1  Burn-In
<8 :g hours.
b, 125°C acbient.
c. 100 per cen: of rated vol:iage.
1.5.2  X-Ray
Per MSFC-STD-355.

1.5.3  Seal

Capacitors shall be tested in accordance with Metheo :12 of Stancaerd MIL-5T5-202,

Test condizion A.

1.5.3.% Liquid filled capacitors ray be tested as follows: Capacitors shall be placed
with terzinals tscing sidewavs (not upward) on a clean sheet of absorbent pap~sr and exposed to a case
temperature within fg‘c of the &, licable naximum rated temperature fer a minimum of 1 heur, After the tect,
the capa itors shall be vizualiv exarined for evidence of lsakape of liquid or buhbles from the seal.

1.5.4 Dleleciric wWithstanding Voltage
Capacitors shall be ‘ested in acrordance with Method 301 of Standard MIL-STD-202,
The folluwing details and exceptions shall apply:
”»
a. Test voltage - 200 ;ur coent of rated OC veltage.
H. Duration of test voltaze - 5 second:s.

c. Limiting value or surge current - Shall nct exceed 1.0 ampere.

d. Points of application of test voltare - Between leads or between leads and case,

whichever {s applicable.

PAGL % OF 15
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1.5.5 Insulation Resistance

Capacitors shall be tested in accordance with Method 302 of Standard MIL~STD-202. The

fcllowing details shall apply:
a. Magnitude of test voltage - Rated DC voltage.

b. Points of measurements - Measurements shall be made betwezn terminals at 25° + 3°C
and between terninals to case when the case is not a terminal. -

1.5.6 Capacitance

Capacitors shall be tested in accordance vith Methud 305 of Standard MIL-STD-202. The
following details shall apply:

a. Test frequency - 1,000 + 100 aertz for capacitors having a nominal capacitance of

luF cr less, and 60 + 6 hertz for capacitors having a capacitance greater tnan InF,

b. Limi: of avcuracy - Within + 2 per cent.

-
in

.7 Dissipation Factor

The dissipaticn factor shall be measured at a temperature of 25° + 3°C at a voltage

not greater than 3 per cent of the rated voitage. Tvst frequeacy shall be as specified in paragraph 1.5.6.
1.6 GL&SS (HERMETICALLY SEALED) CAPACITORS
1.6.1 Burn-ln
a, 48 tg hours.
b. 125°C ambient.

c. 300 per cent of rated voltage.

d. Capacitors shall be protected against voltage surges ot 10 per cent or more of

the test voltage.
1.6.2 Dielectric Withstanding Vcltage

Capacitors shall be tested in accordance with Method 301 of Standard MIT-STD-202.
The following dctails shall apply:

PAGE 10 QF 15
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a. Magnitude and nature of test potential - 300 per cent of the DC rated voltage.

Duration of application cof test voltage - Not less than 1 second nor more than
5 seconds.

c. Pcints of application of test voltage - Between the terminals.

=9

Limiting value of surge current ~ Not to exceed 50 milliamperes.

1.6.3 Insulation Resistance

Capacitors shall be tested in accordance with Method 302 of Standard MIL~STD-202.
The following details and exceptions shall apply:

lest potential - Not to exceed the DC rated voltage.
b. Duration of application of test voltage - 5 seconds minimum.
c. Points of measurements ~ From terrminal to terminal.
d. Test temperature - 5°C.
e. Lliniting value of surge current -~ Not to exceed 50 milliamperes.

1.6.4 Capacitance

Capacitance shall be measured in accordance with Method 305 of Standard MIL-$TD-202.
The following details shall apply:

a. Test frequency - 1 megahertz + kilohertz when nominal capacitance is 1,000 pF or
less, and 1 kilohertz + 50 hertz when the nominal capacitance is greater than 1,100 pF.

b. Limits of accuracv - Shall be # 0.2 ner cent of nominal capacitors value or + 0.2 pF,

whichever is less.
1.6.5 Dissipation Factor

Dissipation factor shall be measured at a frequency of 1 kilohbertz + 100 hertz.

Measurement accuracy shall be within 4 2 per cent or 0.005, wh.chever is greater.

1.7 MICA CAPACITORS

PAGE 11 OF 15
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1.7.1 Dielectric Withstanding Voltage

Capacitors shall be testud in accordance with Methnod 301 of Standard MIL-STD-20C.
The following details shall apply:

a. Magnitude of test voltage - 300 per cent of the rated DC voltage.

bt. Duration of application of test voltage - not less than 1 or more than 5 seconds.

The duration of the test shall begir when 95 per cent :f the test potential is reached.
c. Points of application of test voltage - Between terwinals.

d. Limiting value of surge current - Snall not exceed 5 mjllamperes during charging

and discharging.
e. Examination after test - Evidence of damage, arcing or breakdown.
1.7.2 Burn-In
48 +8 hours.
~0
b. 125°C ambient.

c. 300 per cent of rated voltage.

d. Capacitors shall be protected against voltage surges of 25 per cent or more of
the test voltage

1.7.3 Insulaticn Resistance

Capacitors shall be tested in accordance with Method 302 of Standard MIL-STD-202.
The 1ollowing details shall apply:

a. Test condition - A at 25 + 5°C.
b. Points of measurement - From terminal o terminal.
¢c. Electrification time - Not less than 10 seconds or more than 2 minutes.
d. Limiting value of surge current - Not to exceed 5 milliamperes.
1.7.4 Capacitance

Caracitors shall be tested in accordance with Method 303, Standard MIL-STD-202.

The following details shall apply:

PAGE 12 OF 15
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a. Test frequency - 1 megahertz + 1 kilohertz when the nominal capacitance is 1,000 pF

or less, and 1 kilchertz + 100 hertz when the nominal capacitance is greater than 1,000 pF.

b. Limit of accuracy - Shall be + 0.2 per cent of the nominal capacitance value or

0.2 pF, whichever is greater.
1.7.5 Dissipation Factor
Dissipation factor shall be measured at a frequency of 1 megahertz + 1 kilohertz when
the nominal capacitance is 1,000 pF or less, and 1 kilohe:tz + hertz .nen the nominal capacitance is greater
than 1,000 pF. Measurement accuracy shall be wichin + 2 per cent for dissipation factor and within + 5 hert:z
for frequency.
1.8 VARIABLE CAPACITORS

1.8.1 Capacitance

Capacitors shall be tested in accordance with Method 305 of Standard MIL-$TD-202.
The following details and exceptions shall apply:

a. Test frequency - 1 megahertz + 100 hertz.
b. Limit of accuracy - Within + 1 per cent or 0.5 pF, whichever is smaller.
1.8.2 Insulation Resistance

Capacitors shall be tested in acccivdance with Method 302 of Standard MIL-STD-202.
The following details and exceptions shall apply:

a. Test voltage - Rated DC voltage.

b. Special conditions - Measurements shall be made at 25 + 5°C and at the applicable

ﬁigh test temperature.
¢. Poir*s of meas.rement - Between mutually insulated points.
d. Electrification time - 10 seconds to 2 winutes.
e. Limiting value of surge curvent - not to exceed 5 milliampere.
1.8.3 Dielectric Withstanding Voltage

Capacitors shall be tested in accordance with Method 301 of Standard MIL-STD-202.
The following det.ils shall apply.

PAGE 13 OF 15
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a. Test voltage - 200 per cent of DC rated voltage.

b. Points of application of test voltage = Capacitors shall be set at maximum rated

capacitance and the potential appiied between the rerminals.
c¢. Duration of test voltage - 1 to 5 seconds.

1.8.4 Quality Factor
Capacitors shall be testea in accordance with Method 20€ of Standard MIL-STD-202.
The following details and exceptions shall aprly:

a. Test frequency - Capacitors shall be set at maximum rated capacitance and Q neasured
at a frequency of 2C megahertz + 200 kilohertz.

b. Measurements - Shall be made using a test jig designed for minimum stray
capacitance effects.

c. Measurement sccuracy - Shall be within + 20 per cent.

1.8.5 Rotational Life

Capacitors shall be mounted with the adjusting screw set 2t approximately 20 per cent of
maximum rated capacitance. Contact resistance shall be measured between the rotor screw and the mounting
base at any position before and after the tesc. The screw shall be rotatea ruur cunpl ste revolutions in the
direction of increasing capacitance, ther four complete revolutions in the direction of decraasing capacitance.
This cycle shall be repeated 5 times. Following the final cycle, dielectric withstand voltage shall be
medsured. After the final measurement of contact resistance, capacitors shall be set at approximately 10
per cent ot the .ximum rated capacitance value above the minimum rated capacitance value or 1.0 pF, whichever
is greater, ard ' .a the rotor shall be rotated in steps of two turne urtil 90 per cent of maximum rated
capacitance is reached. A minimum of three measurements shall be made and recorded. Capacitance shall be
measured after each ster at a frequencv between 1 kilchertz and 1 megahertz and shall be continuously
monitored for reversals. The accuracy of the rotation shall be within + 5° ver revelution. Reproducibility
of the measurements siiall be within + 0.1 per cent or 0.01 pF, wnichever {s greater. Following measurement of
capacitance change versus rotation, driving torque 4t room ampient temperature shall be measured, The torque
required to start and maintain rotation of the rotor (driving torque) shall te measured by a gradually applied

force sufficlent to turn the rotor thrcugh at least 50 per cent of the total number of rotatiens.
1.9 VISUAL AND MECHANICAL

Fxamine each capacitor to verify that the materisl, design, construction, phvsical dimensions,
marking and workmanship are in accordance with the applicable requirements. Atter all tests required by
Table 1 have been completed, each capacitor siall be examined for evidence of da~age, arcing, breakdown,

seal lcals and integrity of marking.
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1.10 SCREENING IDENTIFICATION SYMBOL

After successfu. completion of all the applicable screening requirements of tnis appendix,
each capacitor shall be marked with a screening identification symbel. The screening identification

symbol shall be a "S" and shall precede the part number.
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APPENDIX B

MINIMUM SCREENING RENQUIREMENTS FOR _RESISTORS

1.0 RESISTOR SCREENING

Resistor screening shall be accomplished in accordance with Tables I, IT and IIl end the applicable
peragraphs specified herein.

1.1 WIREWOUND, FIXED, POWFR
1.1.1 DC Resistance

Resistors shall be tested in accordance with method 303 of Standard MIL-STD-202. The
following details and exceptions shall apply:

A. Measuring apparatus - The same measuring apparatus shall be used for any one tect,

bt not necessarily for all tests.

b. Limit of error of measuring appératus - One-fourth of the specified initial-

resistance tolevance or 0.1 per cent, whichever is less, + 0.002 ohm.

c. Test voltage - Measurements of resistance shall be made by using a DC potential
resulting in not more than 1 per cent of rated wattage. This seme voltage shall be used whenever a subsequent
resistance measurement is rade.

d. Points of application of test voltage for initial resistance tolerance measurement -
For axial~lead resistors of 20 ohms or less, 3/ + 1/16 inch from the end of the body. For tab-terminal
resistors of z0 ohms or less, lucaste on tab in line of hole parallel to resistor bodv. For all resistors

above 2C ohms locate wherever practical on lead or tab.
1.1.2 Burn-In

Resistors shall be conditioned in accordance with method 108 of Standard MIL-STD-202.
The following details and exceptions shall apply:

a.- Method of mounting ~ Su.ported by their terminal leade at a point 5/16~inch from
the resistor body. Resistors :hall be sc¢ arranged tiat the temperature of anv cne resistor shall not
appreciably influence the temperature of any other resis -r. There shall be no undue draft on the resistors.
If forced-air circulation is emploved, the air velocitv shall not exceed 500 feet per minute and there shall
be no direct impfrngement of the forced-air supply upon the resistors.

b. Temperature and tolerance - 25° tlg °c.

PAGE 1 OF 20
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NERVA PROGRAM PROCEDURE NO: RI01-NRP-704

c. Initial measurements - Initial resistance shall be measured as specified in 1.1.1

+15 AU . . . - -
25° °C. This initial measurement shall be used as the reference for all subseguent measurements.

at 2 0
d. Operating conditions - Rated DC continuous working voltage cor rated comtinucus working
voltage frow an AC supply at comrmercial-line frequencyr and wavcferm, shall be applied continuocusly for

+16 . s - s . .
100 _ 4 hours. Each resistor shall dissipate a wattage equal to the wattage rating of the resistcr.

6

R I N +1
e. Measurement after conditicning - Resistance shall be measured at the end of 100 .

hours as specified in 1.1.1. The same procedure for measurement shall be -used for initial aud final

neasurcements.

€. LExamination after conditicning - Resistcrs shall be examined for evidence of

mechanical damage.
1.1.2 Temperature Cycling

Resisters shall be tested in accordance «ith Method 102 of Standard MIL-STD-202.

The following details and exceptions shall apply:

a. Mounting - In such a ranver that ttere is at least 1 irch of free air space around
each res:stor, and in such a position with respect te the air stream that the mounting offers substantially

no obstruction to the flow of air across and around the resistors.

b. Measurement befcre cycling - The DC resistance shall be measured as specified in

paragraph 1.1.1.
c. Test condition letter - C.

d. Climate chamber - The rate of temperature change within the climate chamber shall ke
not loss than 2°C per minute. The temperature shall be maintzined at each ¢f the extreme temperatures by
reans of circulating air. Tne air temperature shall be reasured by a suitable rethed and as near the center

of the group ¢f resistors as possible.

e. When two climate chambers are used - The resistors mav be transferred from one
chamber to another, in which case they shall be kept at rcom temperature for not less than 10 mirutes and

not more than 15 minutes between exposures to the oxtreme temperatures.

f. Measurement after cycling -~ Not less than 1 hour, but within a 24-hcur pericd after

the last cycie, DC resistance shall be measured as specified in paragraph 1.1.1.

g. Examination after test - Resistors shall be examined for evidence of mechanical

damage .
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NERVA PRQGRAM PROCEDURE NO: R101-wRP-704

Per MSFC-STD-355.
1.2 WIREWOUND, FIXED, POWER, CHASSIS MOUNTED
1.2.1 DC Resistance
As specified in paragraph 1.1.1. -
1.2.2 Burn-In
As specified in paragraph 1.1,2.
1.2.3 Thermal Shock

Foliowing a measurement of resistance, (see 1.2.1) rated voltage from an AC supply at
commercial-line frequency and waveform shall be applied until thermal stabilitv has been reached. The
potential shall then be removed, and within 8 to 12 seconds, the resistors shall be subjected to an air
temperature of -55°¢ fg°c for a period of not less than 15 minutes neor more than 30 minutes. Resistance
(see 1.2.1) shali again be measured not less than 2 hours after final exposure. Resistors shall then be

exarined for evidence of mechanical damage.
1.3 WIREWOUND, FIXED, ACCURATE
1.3.1  DC Resistance

Resistors shall be tested in accordance with method 303 of Standard MIL-STYD-202. The
following details and exceptions shall appuiy:

a. Measuring apparatus - Sridges.

b. Limit of errcr of measuring apparatus - Cne-fourth of the specified inftial-

resistance tolerance or 0.1 per cent, whichever is less, + 0.002 ohm.

c. Test voltage - Measurements of resistance shall be made by using the test voltages
specified in Table IV. The test voltage chesen whether it is the maximum or a lower veoltage which would
still provide the sensitivity required, shall be applied across the terminals of the resistor. This same

voltage shall be used whenever a subsequent resistance measurement is made.

d. Points of application of test voltag~ for initfal-resistance~tolerance measurement.

(1) Wire-lead terminal resistors of 10 ohms and less - 3/8 + 1/16 inch from the
end of the body.

PAGE 6 OF 20
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NERVA PROGRAM PROCEDURE : NC: RLO1-NRP-704

(2) TFour resistors above 10 ohms - Locate wherever practical.

e. Temperature - For all tests, unless otherwise specified herein, the temperature at
which subsequent and final resistance measurements are made in each test shall be within 2°C of the temperature

at which the first resistance measurement was made.

TABLE IV

DC RESISTANCE TLST VOLTAGE

1/2 watt and greiter Less than 1/2 wart

(Voirts) (Volts)

Less than 1 ohm . . . . . . . . C.1 0.05
1 to 9.999 inel . . . . 0.3 0.15
10 to 99.99 inel . . . 1.0 1.0
100 to 999.9 inel . . . 3.0 3.0
1,000 to 9,999 idincl . . . . 10.0 3.0
10,000 to 99,999 incl . . . . 30.0 10.0
100,000 and higher. . ., . . . . 100.0 3C.0

1.3.2 Burn-In

Resistors shall L2 conditioned in accordance with Method 108 of Standard MIL-STD-202.

The following letails and exceptions shall apply:

a. Method of mounting - Support by their terminal leads. Resistors shall be so arranged
that the temperature of any one resistor shall not appreciably influence the temperature of any othcr tesistor.
There shall be no .ndue draft on the resistors.

b. Temperature and tolerance - 125° tlg°c.

c. Initial measurements - At the manufacturer's option, measurements mav be made inside

or outside tha chamber,

(1) Inside chamber - When measurements are to be made inside the chamber, the
initial DC resistance shall be measured after mounting at the applicable test temperature, after temperature
stabilization and within 8 hours or exposure of the resistors to the test temperature. This initial
measurement shall be used as the reference temperature for all subsequent measuremen:is under the same

conditjons.

(2) Outside chamber - When measurements are tc be made outside the chamber the
initial DC resistance thall be measured after mounting at the room temperature. This initial measurement

shall be used as the reference temperature for all subsequent measurements under the same conditions.

d. Operating conditions - Rated DC continuous working voltage applied Intermittently,

1 1/2 hours on, and 1/2 hour off for 100 tlg hours. Each resistor shall dissipate a wattage equal to the

wattage rating of the resistor but shall not exceed maximum voltage.
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NERVA PROGRAM PROCEDURE NO: R101-xRP-704

e. Measurement after burn-in

-
(1) Inside chamber - At th2 end of 100 _12 Fours and while rhe resistors are still

in the temperature chamber, the DC resistance shall be measured.

(2) Outside chamber - When reasurements are made outside the chamber, resistors

shall be stabilized outside the chamber for a miaimum of 45 minutes.
1.3.3 Temperature Cycling
As specified in paragraph 1.1.3.
1.3.4 X-Ray
Per MSFC-STD-355.
1.4 FILM, FIXED
1.4.1 DC Resistance

Resistors shall be tested in accerdance with method 303 of Standard MiIL-STD-202. The

fcllowing details and exceptions shall apply:

a. Measuring apparatus - The same measuring instrument shall be used for any one test,

but not necessarily for all tests.

b. Limit of error of measuring apparatus - + (0.1 per cent + 0.01 ohm) but not exceeding
one-fourth of the resistor tolerance or the resistance change limit for which the measurement is being made.
Manufacturers, at their option, may use apparatus of less accuracy, provided that limits are reduced to

fully compensate for accuracy deviation.

c. Test voltage - Measurements of resistance shall be made by using the test voltage
specified in Table V. The test voltage chosen, whether it be the rmaximum or a lower voltage which would still
provide the sensitivity required, shall be applied across the terminals of the resistor. This same voltage

shall be used whenever a subsequent resistance measurement is made.

TABLE V

DC RESISTANCE TEST VOLTAGES

Resistance, nominal 1/2 watt 1/20, 1/10, 1/8 and 1/4 watt
(Ohms) (Volts) (Volts)

10 to 98.8 1incl 1 1

100 to 988 incl 3 3

1,000 to 9,800 incl . 10 3

10,000 to 98,800 incl 30 10

0.1 megohm or higher 100 30
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NERVA PROGRAM PROCEDURE NO-  Ric1-nep-70L

d. Temperature - The DC resistance test shall be performed at 25° + 2°C. For all other
tests, unless otherwise specitied herein, the temperature at which subsequent and final resistance measu-:=ments
are made in cach test shall be within + 2°C of the terperature at which the initlal resistance measuremernts

were made.

1.4.2 Burn~Ir.

100 "2 nours.

b. 125°C temperature.
c. Rated DC power; 1.5 hours on, 0.5 hours off.
J.4.3 Temperature Cycling

Resistors shall be tested 1in accordance with Metbod 102 of Standard MIL-STD-202. The
following details and exceptions shall apply:

a. Special mounting - Resistors shall be mounted by means other than soldering or may
be placed in trays. Vhen trays are used, they nust be designed to present o .inimum cf obstructicn to the
airstream. In no case shall the fixture prevent the specified ambient temperature from being achieved within

4 minutes after resistors are placed in chamber. One chamber may be used for this test.

b. Measurement before cvcling - DC resistance shall be measured as specified in

paragraph 1.4.1.

c. Test condition - Test condition C, except that the extreme high temperature stall be
+0
-10

o+ 0
1590 -10

within 4 minutes.

°C and the extreme low temperature shall be -65° °C. These extreme temperatures shall be achieved

d. Measurement after cycling - DC resistance shall be measured as specified in

paragraph 1.4.1.

e. Examination after test - Rusistors shall be examined for evidence of mechenical

damage.

1.4.4 Overload
+
Resistors shall be tested at a temperature of 25 _22°C at conditions specified in Table
VI. When resistors are tested as specified, there shall be no evidence of arcing, burning, or charring; the
change in resistance shall not exceed 4 (0.25 per cent + 0.05 ohn) for temperature cycling and overload tests

combined.

PAGE 9 OF 20
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NERVA PROGRAM PROCEDURE NO: RI01-NRP-704

TABLE VI
VOLTAGE
STYLE OVERLOAD AC or DC DURATION
RN 50, 54, 55 5 x Rated 500 1 Hr.
57, 60 Power
RN 63, 65 4 x Rated 600 1 Hr.
Power
RN 70 2.25 x Rated 700 1 Hr.
Power

1.4.5 Seal (Hermetically Sealed Resistor)

Resistors shall be tested in accordance with Method 112, test condition A 'bubble test -

mineral o0il at 125°C), of Standard MIL-STD-202.

1.4.6  X-Ray

Per MSFC-STD-355.

1.5 FILM, FIXED, INSULATED

1.5.1 DC Resistance

Resistors shall be tested in accordance with method 303 of Standard MIL-STD-202. The
following details and excepiions shall apply:

a. Measuring apparatus - The same measuring instrument shall be used for any one test,

but not necessarily for all tests.

b. Test voltage - Measurements of resistance shall be made by using the test voltages
specified in Table VII. The test voltage chosen, whether jt be the maximum or a lower voliagr which would
still provide the sensitivity required, shall be applied across the terminals of the resistor. This same

voltage shall be used whenever a subsequent resistance measurement is made.

c. Temperature - The DT resistance test shall be performed at 25° + 2°C, unless

otherwise specified.

TABLE VII

DC RESISTANCE TEST VOLTACGES

Resistance, nominal Test potential
Ohms Volts
10 to 91 incl 0.5 to 1 incl
100 to 910 incl 2.5 to 3 inecl
1,000 to 9,100 incl 8 to 10 incl
10,000 to 91,000 incl 24 to 30 incl
0.1 megohm or higher 80 to 100 incl
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NERVA PROGRAM PROCEDURE NO. R101-NRP-704

1.5.2

1.5.3

1.5.4

after the test.

1.5.5

Burn-In

a. 100 tlé hours.

b. Maximum rated temperature.

c. Rated power; 1.5 hours on, 0.5 hours off.

Temperature Cycling -

-+
As specified u paragraph 1.4.3, except that extreme low temperature shall be -55 _18°C.

Overload

When resistors are tested as specified below there shall be no evidence of arcing, burn

burning, or charring. The change in resistance shall not exceed + (0.5 per cent + 0.05 ohm).

a. Mcunting - Resistors may be mounted in any position and allotted any size space as

deemed necessiary by the supplier. Forced air cooling may be used to maintain a test ambient temperature
of 25° + 10°C. The velocity of the forced air, if emploved, shall not exceed 500 feet per minute. When

fcrced air is employed, there shall be no direct impingement of the forced-eir supply upon the resistors.

b. Procedure - Table VITIl lists the load which shall be applied, its duration, and the

maximum voltage, alternating current (AC, or DC, which wmay be applied to the applicable resistor style.

TABLE VIII

OVERLOAD PROCEDURE

Maximum
Voltage
Resistor Stvle Overlcad and Duration (AC or DC)
Volts
RL 07 1.5 x rated power fcr 24 hours 250
RL 20 1.5 x rated power for 24 hours 350
RL 32 1.4 x rated power for 24 hours 500

c. Measurements - DC resistance as specified in 1.5.1 shall be measured before and

X~-Ray

Per MSFC-STD-355.
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NERVA PROGRAM PROCEDURE NO: RL01-NRP-704

1.6 COMPOSITION FIXED, INSULATED
1.6.1 Burn-In

2
a. 48 t12

0 hours.

b. Maximum rated temperature.
c. No voltage.
1.6.2 DC Resistance

Resistors shall be tested in accordance with Method 303 of Standard MIL-STD-202. The
following details and exceptions shall apply.

a. Measuring apparatus - The same measuring instrument shall be used for one test,

but not necessarily for all tests.
b. Combined limit of error of measuring apparatus - Shall not exceed 0.5 per cent.

¢. Test voltage - Table IX gives the recommended test voltage to be impressed across

the resistor.
d. Tewperature - Shall be 25 + 2°C.

TABLE IX

DC RESISTANCE TEST VOLTAGES

Resistance, nominal Test potential
(Ohms) (Volts)

2,7 to 9.1 inclusive 0.50 + 0.1
10 to 91 inclusive 0.75 + 0.25
100 to 910 inclusive 2.75 + 0.25
1,000 to 9,100 inclusive 9.0 +1.0
10,000 to 91,000 inclusive 27.0 + 3.0
0.1 megohm or higher 90.0 + 10.0

1.7 WIREWOUND, VARIABLE

1.7.1 Total Resistance

Total resistance shall be measured between the resistance-element and terminals
(terminals 1 and 3 of Figure B-1) and with the contact arm positioned against a stop. The positicning of the
contact arm and terminal shall be the same for all subseguent measurements of the total resistance on the same

specimen,
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Figure B-1. CIRCUIT DIAGRAM

1.7.2 Thermal Shock

Resistors shall be tested in accordance with method 107 of Standard MIL-STD-202. The
following details and exceptions shall apply:

a. Teet condition letter - B.

b. Measuiements before cycling - Total resistance shall be measured as specified in
paragraph 1.7.1 ~ For setting stability, the contact arm shall be set at approximately 40 per cent of the
actual effective-electrical travel. An adequate DC test potential shall be applied between the end terminals.
The voltage between the end terminals, and the voltage between one end terminal and the contact arr, shall be

measured and applied to the following formula:

E1 x 100

E

Setting stability in per cent =

Where:

El = Voltage across one end terminal and the contact-arm terminal.

E, = Voltage across the end terminals.

2

¢, Measurements after cyvcling - Setting .tability shall be measured as specitied in (b),
total resistance shall be measured as specified in paragraph l.7.1 for continuity. The lead-screw actuator
shall be rotated at a uniform rate such that the wiper traverses the effective electrical travel in both

directions within 1 1/4 minutes., During rotation, a suitable electrical device shall be connected between

FAGE 13 QF 20




NERVA PROGRAM PROCEDURE NO: RI01-NRP-704

the wiper and either end terminal anc mcnitored for smooth and unidirectional change in voltage or resistance.
Precaution shall be exercised to prevent excessive current flow in the resistor during tue test. There shall

be no ohmmeter discontinuity upca reversal of direction of lead screw.

1.7.3 Burn~In

Resistors shall be conditioned in accordance with Method 108 of MIL-STD-202. The
following details and exceptions shall apply:

a. Method of mounting - Supported by their terminals (resistor not mounted on life test
chassis). Resistors shall be so arranged that the temperature of any one resistor shall not appreciably
influence th2 temperature of any other resistor. There shall be no undue draft on the resistors.

+

o. Temperature and tolerance - 25° _18 °C.

. Initial measurements - Initial total resistance shall be measured after mounting
+ .
at 25° _18°C as specified in 1.7.1. This initial measurement shall be ised as the reference temperature

for all subsequent measurements.

d. Operating condition ~ DC cecntinuous werking voltage cor a centinuous werking voltage
from an AC supply at commercial-line frequency and waveform equivalent to 1 watt power dissipaticn shall be

applied between the e¢nd terminals intermittently 1 1/2 hours 'on'" and 1/2 hour "off" for 96 t&g hours at a
+10,
c.

temperature of 25° Each resistor shall dissipate 1 watt.

e. Measurement after conditionire - Total resistance shall be measured at the end of

50 _y bours as specified in 1.7.1 after load has been removed and the resistors stabilized.

f. £Examination after conditioning - Resistors shall be examined for evidence of
mechanical damage.

g. Test condition letter - A.
1.7.4 Insulation Resistance

Resistors shall be tested in accordance with Method 302 of Standard MIL-STD-202. The
following details and exceptions shall apply:

a. Test condition letter - A or B, whichever is more practical.

b. Special preparation - Resistors shall be mounted un meral plates of sufficient size
to extend beyond the resistor extremitievs, and in such a ranner that measurements can be made between the

terminals tied together and any other external metal parts.
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NERVA PROGRAM PROCEDURE NO: RIOL-KKP-704

c. Points of measurements - between the terminals connected together and all external

metal portions of the resistors and metal-mounting plate.

d Examination after test -~ Resistors shall be examined for evidence of mechanical
lamage.

1.7.5 Peak Noise

Peak~noise resistance shall be measured with the measuring circuit shewn on Figure B-2
or its equivalent. The lead screw shall be rotated in both directicns through 9V per cent of the actual
effective electrical travel for a total of six cycles. Only the last three cvcles shall count in deterrining
whether or not a noise is observed at least twice in the same location. The rate of rotation of the lead
screw shall be such that the wiper completes one cycle in five seconds, minimum, to two minutes, maximum.

The equivalent resistance shall be calculated using the following formula:

Ncise = BE%%I ohms

Where:

Epn = the peak-noise signal voltage presented on the oscillescope screen.

Figure B-2. PEAK=NOISE MEASURING CIRCUIT

PAGE 15 0OF 20
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NERVA PROGRAM PROCEDURE NO: RIOL-NRP-704

1.7.0 Seal

The surface of the resistor shall be cleared f a- ¢ foreign matter
inmediately before .mmersion. The bath shall consist of tap water i a temperature of 85° f3°c. The resistor
shall be completely submerged in the bath with no part at a depth of less than 1 inch, for a period of
1 minute + 5 seconds. During immersion, observation shall be r de for any concinuous visible strecm of

bubbles emanating from the resistors.
1.8 NON-WIREWOUND, VARIABLE -
1.8.1 Total Resistance
As specified in paragraph 1.7.1.
1.8.2 Thermal Shock

Resistors shall be tested in accordance with Method 107 of Standard MIL-S$TD-20:. The

following details and exceptions shall apply:
a. Test condition letter - B.

b. Measurement befor: cycling - Totai resistaun~e shall be me .sured as specified in
1.8.1. For setting stability the contact arm aall be set at approximately 40 per cent of the actual
effective-electrical travel. An adequate D( *test potential shall be applind betwe:n the end terminals. The
voltage between the end terminale, ané the voltage between one end terminal and the contact arm, shall be

measured and applied to the following formula:

E, x 100

EZ .

Setting stability in per cent =

Where:

E1 = VUoltage across one end terminal and the contact-arm tesminal.

Ez = Voltage across the end terminals.
The diiference between the initial measurement made before the environrental test

and the measurement made after the rest indicates the per cent ciiunge.

c. Measurcments after cycling - Setting stability and tota! resistance shall be
measured as specified in (b). Coatinuity of the contact ar~ shall be verified by connecting a vacuum-tube
voltrmeter or other suitable indicating device, between the centect-arm terminal and the counterclochwise end

terninal. The applied voltage shall be in accordance with lable X.
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NERVA PROGRAM PROCEDURE NO:  rici-xRe-704

d. Examination after test - Resisturs shall te exazined for evidence of nechanical

damage.

TABLE X

DC RESISTANCE TEST VOLTACE

Total resistance, nomsinal Maximunr test voltage
(Uhms) (Voltrs)
100 . - . . . 0. oo s e e e e e 1.0
Quer 100 w0 £,000 , . . . . . . . . 3.0
Over 1,0)0 to 10,000 incl . 10.¢C
Over 10,000 to 2.1 meghom, in~l . 30.0
Over 0.1 negohm 103.0

1.8.3 Burn-In
As specified in paragraph 1.7.3.
1.8.4 Contact-Resistance Vari.tion

Contact resistance variation shall be measured with the measuring circuit shown on
Figure B-3, or its eguivalent. During this test, the lead screw shall be rotated in both directions for a
total of 3 cycles, through 90 per cent of the actual effective-electrical travel, at the rate of 1 cvecle for
5 seconds, minimum, to 2 minutes, maximum. Ccntact-resistance variation shall be defined as any abrupt change
from cne contact-resistance lcwel to another, .exclusive of the roll-cn or roll-cff points where “he contact

arm moves from the termination onto, or off, the resistance element.

RX - Test specimen
Oscillescope bandwidth: 100 herts to 5C kilohert:z

Minimum input impedance: At least 10 times the nominzl resistance being tested.

NOTE: At the calibration of the decade, terminals 1 and 2 must be coincident.
Calibration decade is to be set for the contact-resistance {CRV) level

of the specific nominal resistance being tested.

FIGURE B-3. CONTACT-RESISTANCE-VARTATION MEASURING CIRCUIT

PAGE 17 QF 20
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1.8.5 Ins:lation R2sistance

As stpecified in paragraph 1.7.4.

1.9 THERMISTOR, (THERMALLY SENSITIVE RESISTOR), INSULATED

1.9.1 Zaerv-power Resistance

a. Te=pcrature - All resistance measurements shall ope maje in a contrellec uniform

mediun canable of maintaining an accuracy in temperature o::

(1) + 0.01°C for beads, beads in roags. and beads in probes.

,
">

e
+

( + 0.05°C for aii other types.
b. Equipment - A wheatstone bridge or equivalent, accurate tc + 0.05 per cent or better.

c¢. MNounting - Therzistors shall be —ounted by normal wountiag means in corresion

resistant clips mounted on a 1/8 inch diameter brass rod.

(1) Beads - Flat non-corrosion clips shall be used. The lecads shall be gripped

1/4 + 1/1¢ inch from the end of the thermistcr body.

(2) All other tvpes - Use suitable corrosion-resistant clips. The leads shail he

gripped 1 4+ 1/16 inch from the end of the thermistor body.

d. Test procedurc - Zero-power resistance shall be measured at 25°C and 125°C. With
the input voltage source disccanected, the cutpit indicater shill be adjusted to the zero output pesition.
The input voltage source shall be connectec, the zero-puwer resistonc. measured and the power source

-~

disconrected. T~ outpur shall retumrn to the initial zerc output positjon + 0.05%.
1.9.2 Burn-In
a. Initial measurvement - Obtain rero-power resi-‘*ance at 25°C.
b. Mount - As specified in paragraph 1.9.1.c.
c. Operating Condition - Provide filtcred regulated DC ar battery power sufficient to
raise the thermistor to the maximum power rating. The circuit shall be ensrgized for 100 té hours at

ambient rcom temperature.

d. Measurement after burn-in - Sixty minutes after rcroval trom the circuit, the

thermistors shall te subjected to a zero-power resistance measurement.
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NERVA PROGRAM PROCEDURE NO:  RL01-%RE-704

€. Examination after burn-in - Tnerrmistors snall be examined for evidence of arcing,

burning cr charring.

1.9.3 Thermal Shock

Thermistors shall be tested in accordance wirh Metnod 107 of Standara +IL-STD-202. The

following details and ex:cepticns shall apply:

a. Test condition letter:

(1) B - for th2rzistors rated at 125°C.

(2) C - for theimistors rated at :00°C.

(3) C - fcr thermistors rated at £.5°C, except maxinmum terperature shall be 2/5°C.

. Operating condition - Each thermistor shall be subjected to 10 cvcles of thermal

shock perfcrmed rontinuously.

c. Measurements - Zerc-power resistance shall be measured at 25°C hefore and after

cycling. The change in zerc-power resistance shill not exceed + 2%.
1.9.4 Resistance - Terperature Characteristic
Each resistor shall be stab_lized at each of the ambieut temperatures listed in Table XI.

Zero-power r:sistance shall be made at each specified temperature after a stabiliration time equal to or not

less than ten times the appiicable thermal time constant. Resistance shall be t.bulated for each

measurement.
TABLE XI
RESISTANCE-TENPERATURE CHARACTERISIICS
Sequence Temperature F G J | 4
(+per cent) (+per cent) (+per cert) (+per ccntr)

1 -55 10 12 15 20

2 -15 5 6 9 la

3 0 3 4 7 12

4 25 1 2 5 10

5 50 3 4 7 12

6 75 5 6 9 14

7 160 7 9 12 17

8 125 10 12 15 20

9 2001 15 18 25 30

10 2751 20 25 35 40

These temperatures not applicahle to all stvles.
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1.10

1.9.5 X-Ray

Per MSFC-STD-335.

VISUAL AND MECHANICAL

Examine each resistor to verify that the material, design, construction, physical dimensious,

marking and workmanship are in accordance with the applicable requirements. After ali tests required by

Tables I, II or III have been :ompleted, each resistor shall be examined for evidence of darage, arc.ng,

breakdown, seal leaks and integritv of marking.

1.11

SCREENING IDENTIFICATION SYMBOL

After successful completion of all the applicable screening requirements of this appendix, each

resister shall be marked with a screening identification symbol. The screening identification symbol shall be

an "'S" and shall precede the part number.

Mg oo
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APPENDIX C

MINIMUM SCREENING REQUIREMENTS FOR RELAYS

1.0 RELAY SCREENING

Relay screening shall be accomplished in acccrdance with the following requirements. Each relay shall

pass all tests.

1.1 VISUAL INSPECTION (INTERNAL) -

Internal visual inspection immediately prior to sealing should be accomplished, if at all

possible, as specified in MSFC-SPUC-33%A.

1.2 VIBRATION SCAN

Relays for use in critical application should be subjected to vibration scan as specified in
paragraph 4.10.5.6.1 of MSFC-SPEC-339A.

1.3 LOW LEVEL RUN-IN

Per paragraph 4.10.8 of MSFC-SPEC-339A.

1.4 INSULATION RESISTANCE

Per paragraph 4.10.2 of MSFC-SPEC-339A.

1.5 DIELECTRLC STRENGTH

Per paragraph 4.10.3.1 of MSFC~SPEC-339A.

1.6 SEAL LEAKAGE (HEF»ETICALLY SEALED RELAYS)

Per paragraph 4.10.4 of MSFC-SPEC-339A.

1.7 ELECTRICAL CHARACTERISTICS

Per paragraph 4.10.6 of MSFC~-SPEC-339A.

1.8 RADIOGRAPHIC INSPECTION

Per paragraph 4.10.10 of MSFC-SPEC-339A.
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1.9 VISUAL INSPECTION (EXTERNAL)

Per paragraph 4.10.1.2 of MSFC-SPEC-339A.

NOTE: Where the electrical characteristics for relays specified in MSFC-SPEC-339A are not applicable, the

manufacturer's specifications or contractor's design requirements should be the criteria.

2.1 SCREENING IDENTIFICATION SYMBOL
After successful completion of all *he screening requirements of this appendix, each relay
shall be marked with a screening identification svmbol. The screening identification symbel shall be an "S"

and shall precede the part number.

PAGE 2z OF 2



NERVA PROGRAM PROCEDURE NO: RIO1-NRP-704

APPENDIX D

MINIMUM SCREENING KEQUIREMENTS FOR ELECTRCMAGNETICS PARTS

1.0 ELECTROMAGNETIC PART SCREENING

The screening level of electromagnetic parts shall be as follows:

a. All encapsulated, potted or hermetic sealed electromagnetic parts which pass all

applicable tests specified in Table I shall be consilered to be level one screened (15) parts.

b. Encapsulated, pctted or hermetic sealed electromagnetic parts that have been sealed
prior to the screening inspection shall not be subjected to the internal visual inspection (paragraph 1.1.1).
These parts that pass all other applicable tests specified in Table I shall be considered to be level two

screened (2S5) parts.

c. All open type electromagnetic parts which pass all appiicable tests specified in

Table I shall be considered to be level two screened (28) parts.
1.1 VISUAL INSPECTION
1.1.1 Visual Inspection (Internal)

Internal visual inspection shall be performed under 10X or greater magnification. This
inspection shall be performed on (1S) parts immediately prior to final wrapping, sealing or encapsula®fion of
parts, (see 2.1). The materials, internal design and construction, and dimensions shall be as specified in
applicable documentation. The inspection shall include but not necessarily be limited to the verification
of the fellowing:

a. Minimum clearances and maximum outside dimensions of subassemblies.

b. Proper winding techniques and assembly of windings to cores, mounting brackets and

tevminal boards, and absence of cuts, breaks, or abrasions in coil winding insulation.

c¢. Proper impregnation (Check for air bubbles, proper curing, voids or lack of

impregnation) when {mpregnation is required.

d. Correct length and absence of kinks in lead wires and absence of cracks, breaks or

cuts in coil lead wire insulation.

e. Absence of solder flux and other foreign materials.
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NERVA PROGRAM PROCEDURE NO: RL01-NRP-704

Any part which does not meet the requirements listed atove shall be rejected from the lot. Rejected parts

may be reworked with prior approval of the procuring activity.
1.1.2 Visual Inspection, Hermetic Sealed and Potted (External)

Hermetically sealed and potted electromasgnetic parts shall be examined visually under at
least 7X magnification for quality of workmauship and mechanical soundness, including such factors as seal
weld, coating, veids in casting, rlating, terminals, numbering of terminals, and rroduct marking. Any cracks,
blisters, or any other impe:rections affecting operating characteristics, pr fit, form, or function of the
part shall be cause for rejertion of the parts. The materials, external design and construction, dimensions,

and weight shall be as specifiecd in applicable documentation.
1.1.3 visual Inspection, Open Type (Externail}
Open type-electromagnetic parts shall be inspected visually using 10X or greater
magnification as necessary. The inspection shall include but not necessarily be limited to verification of
the following:

a. Maximum outside dimensions, uniformity of coil windings.

b. Proper winding tecliniques and assembly of windings to cores, mounting brackets
and terminal boards.

c. Correct length and absence of kinks in lead wires and absence of cracks, break, and

cuts in coil lead wire insulation.
d. Absence of solder flux and other foreign materials.
e. Quality of workmanship and materials.

f. Product marking.

g. Absence of any imperfections affecting operating characteristics, or fit, form,

or function of the part.

h. Check unimpreguated parts for overlap of coil insulation, and cuts or breaks in
coil winding insulation.

Any part failing to meet the requirements specified above may be reworked with prior approval of the

procuring activity
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1.2 RADIOGRAPHIC INSPECTION

-1,

Llecrromagnetic parts shall be subjected to radiographic inspectior us specified in Standard
MSFC-STD-355, to determine conforman.e cf internal construction to gppiicable documentaticn. Open type
electromagnetic parts require ouly one X-Ray wview .hrough thinnest plane.

1.3 DIELECTRIC STRENGTH TEST

1.3.1 Dielectric Strength of Electromas.ctic Parts (Except Filters)

1.3.1.1 Atmospheric pressure - Parts <hall be tested in accordance with Method 301
of Standard MIL-STD-202. The following details shall apply:

a. The part shall be placed on a metal plate (ground) or V block as applicable.
b. The magnitude of the AC test voltage shall be as spacified in Table II.

c. The test voltage shall be applied for 60 tlg seconds.

d. Points of measurements - between insulated points and the case or ground.

e. The rate of application of test voltages greater than 1000 volts shall
not exceed 500 volts rms per second.

During the test there shall be no arcing, flashover, breakdown of insulation ur evidence cf damage.

TABLE Il

TEST REQUIREMENTS, DIELECTRIC STRENGTH (See Note 1)

Working Voltage AC Test Voltage (rms)
(See lote 2) (See Note 3)
Greater Up to and Atmospheric Barometric
Than Including Pressure Prescure
ov 50 Vv 100 100
50 v 100 v 300 300
100 Vv 175 v 500 300
175 v 700 v 2.8 x Working 1.3 x
Voltage Working
700 v -——- 1.4 x Workiug Voltage
Voltage < 1000 which=~
ever is
greater
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NOTES: Taple I

1. The requirements contained in this table are minimum requirements. I1f applicable procurement

document specifies a higher test voltage, that voltage shall be used.

(8]

The working voltag: is defined as the maximum instantaneous voltagxe stress that may appear under
normal rated orevation across the insulation being considered. This insulation may be between

windings or between a winding and the case or core.

3. The rms test voltagcs specified shall be used for the initial test only. It the part has
previously been subjected to this dielectric strength voltage, all re-testing of dielectric

strength shall be at 90 per cent of the values specified.

1.3.1.2 Barometric Pressure (Reduced) ~ Electromagnetic parts shall be tested in
accordance with Method 105 of MIL-STD-202. The following details shall apply:

a. This test required on flight parts not previously qualified to this test.
Two samples of each part type fr-m each shipment shall be tested.

b. Test condition C.

c. The magnitude of test voltage shall be as specified in Table II.

1.3.¢2 Dielectric Strength of Filters

* 1.3.2.1 Atmospheric Pressure - Parts shall be tested in acccrdance with Method 301 of
MIL-STD-202. The following details and exceprions shall apply:

a. The part shall be placed on a metal plate (Ground) or "V'" Block as applicable

b. The magnitude of the test voltage shall be as specified in Table III.

TABLE I]1

FILTER DIELECTRIC STRENGTH

Rated Voltage Test Voltage
Greater Up o and Atmospheric Barometric
Than Including Pressure Pressure

0 Vde 100 vdc 200 vdc 1.25 x

100 Vdc -- - - 2 x rated rated Voltage
Voltage d: dc

G Vac rms 50 Vac rms 100 Vac ims 1.25 x

50 Vac rms 100 Vac rms 300 Vac rms Rated Vnltage,
100 Vac rms 175 Vac rms 500 Vac rms rms
175 Vac rms 2.8 x rated

Voltage rms
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NERVA PROGRAM PROCEDURE NO: R101-NRP-704

0

10 seconds.

¢. The test voltage shall be applied for 60 *

d. Points of application of test voltage — between the case (ground) and all

insulated points and between all mutually insulated points.

e. Limiting value of surge current - a current limiting resistor shall be
connected in series with the filter to limit the surge current to the maximumrrated current or 1 ampere

whichever is less.

During the test there shall be no arcing, flashover, breakdown of insutation or

evidence of damage.

1.3.2.2 Barometric Pressure (Reduced) - Electromagnetic parts shall be tested in

accordance with Method 105 of MIL-STD-202. The following details shall apply:

a. This test required on flight parts not previously qualified to this test.

Two samples of each part type from each shipment shall be :ested.
b. Test condition C.
¢. The magnitude of the test voltage shall be as specified in Table III.
1.3.3 Corona .

When specified, electromagnetic parts shall be tested for corona. The following details

shall apply:

a. Each part shall be subjected to the barometric test of paragraph 1.3.1.2

of 1.3.2.2 as applicable.

b. The level of corona as indicated on the oscilloscope shall not exceed
1 inch peak-to-peak with the scope sensitivity set at 0.1V peak-to-peak per inch at the test voltage and
pressure specified in 1.3.1.2 or 1.3.2.2.

c. The test circuits shail be one of tauose shown in Figure 9 of M -T-"7-C,

1.4 INDUCED VOLTAGE

Only those parts having at least one terminal voltage in excess of 25 volts shall be subjected

to this test.
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1.4.1 Fulse Type Parts

Induced voltage test of pulse type electromagnetic parts shall be accomplished by applying

to zay winding the following pulse voltage:
a. Amplitude - two times rated voltage.
b. Repetition rate specified for unit under test.

c. Pulse width - sutficient to induce a voltage, acioss any winding, greater than 25

per cent but less than 50 per cent of rated pulse width.
d. Duration of test voltage - one minute.

During the time the test voltage is applied there snall be no continuous arcing, breakdown of inmsulation,

nor shall there be any abrupt changed in input current,

1.4.2 Other Parts

Induced voltage .est of electromagnetic parts, other than pulse type parts, shall be

accomplished by applving to any winding the following voltage:

a. Amplitude - sufficient to cause iwice the rated voltage to appesr across any winding
(minimum test voltage shall be 100V).

b. Frequency - Not les. than twice the cperating frequency.

c. Duration of tust voltage - 5 seconds.

During the time the test voltage is applied there shall be no continuous arcing, breakdown insulation, nsr

shall th¢re be any abrupt changes in jnput current or changes in Q, as applicable.

1.5 INSULATION RESISTANCE

Electromagnetic parts shall be tested in accordance with sethod 302 of MIL-SID-202. Th~
following details shall apply:

a. Test voltage shall be as specified in Table IV,

b. The part shail be placed on a metal plate (ground) V Block as applicible.

¢. Points cf measurement - Between all mutually insulated points, and bitween insulated

points and the metul plate, "V Block, case or ground.
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NERVA PROGRAM PROCEDURE NO: RIOL-NRE-704

a. The insulation resistance shall be 2s specified in Table IV.

TABLE IV

INSULATION RESTSTANCE TECT (See Note 1)

Working Voltage Insulation Resistance
(Sce Note 2) Minimum
Creater Up to and Test Insulation
Than Including Veltage Resistance
(Megohms)
ov 50 v 100 Vdc 500
50 v 100 v 100 Vde 1000
100 v 175 v 390 Vde 7500
175 v 700 v 500 Vdc 7500
700 v —— 1000 vde 10,000

NOTES: Table IV

document specifies 2 higher test voltage or higher insulation r2sistance, or both, then the

higher requirement, or requirements, shall be used.

windings or between a winding and the case or core.

1.6 ELECTRICAL CHARACTERISTICS

already performed during screcning need nct be made.
TABLE V

ELLCIRLICAL CHARACTERISTICS

Tvpe Part Test Specification
Transformers and inductors, audio MIL-T-27
power and hiph power pulse;
Transformers, pulse, low power M1L-T-21038
Coi1ls and transformers, intermediatc and MIL~C-15305
radiofrequency
filters, radic interference MIL-F-15733
filters, high pass, low pass, band MIL-F-39025
pass, band euppression and dual

functioning;

Coils and transformers, intermediate and M1L-C-55189
radiofrequency nicroelements, inductive

Loils, tube deflection; ard coils, tube MIL-C-18388
focusing

1. The requirements contained in this t-“le are minirum requirements. If applicable procurement

2. The workiag voltage is defined as the maximum instantancous voltage stress that mav appear under

wurmal rated cperation across the insulation being considered. This insulation may be between

Ezch electromagnetic part shall be subjected to all electrical characteristic tests specified for

acceptance 'esting in the applicable specification as shown in lable V. Tests which are repeats of tests

PAGE ¢ OF
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1.7 ThERMAL SHOCK
Electromagnetic parts shall be tested in accerdance with Methed 107 of Srandard MIL-STD-202.
1.7.1 Details
The following details shall apply:
a. Test condition letter 5.

b. Monitoring during cycling - Veltazes or currents shall be ronitored during trerral
shock with a device capable »f detecting and indicating discentinuities grecater than 10 micreseconcs in

duration. The inductance of all inductors @3y be monitored during thermal shock.

1.7.2 Rejection

Parts shall be rejected for the following reasons:
a. Winding discontinuities.
b. Fluctuations in inductance observed during thermal shock.

c. Evidence of phvsical damage such as cracks, bursting oo brlging of parts observed

during thermal shock.
1.8 BURN-IN
1.8.1 Bum-in Cycling

Electromagnetic parts shall be subjected to five burn-in cycles totaling 168 hours (one
week). Four of the cycles shall consist of 20 hours during which time the part shall be operated at maximum
operating temperature with loading equal te cr greater than rated AC arnd DC voltages and currents and naxinum
and masimum ratcd pulse duration when applicable, folleved by 4 hours at room ambient terperdture without
excitation. The fifth cvecle shail be 65 hours at meximum ¢pecating temperature with parts loaded as before
and 4 hours without excitation at room ambient temperature. For transformers cnly, test mav be performed
with parts loaded back-to-baeck provided the above wentioned loading requirements are met, This test may be
performed at any ambient temperature and with any temperaturc¢ rise provided that the maximum operating
temperature of the part is held within f;g°c and no drafts c¢r varving air velocities are present. At the
optivi, of the test facility, the voltage may be incredsed co at lerst 1.2 times the rated voltage so that the

maximun operating lemperature is attained.
1.8.1.1 Open Tvpe Parts Pust Cvclirg Procedure

Upen completion of cvcling the varts shall be suhjected to the following

rnrocedure:

1—
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1. Cool 12 hours in a vacuunm.

2. Test as specified in 10.3, 1G.4, 10.5 (See Note 3, Table II) and 10.6 in an

atmosphere in which the relative humidity does not exceed 45 per cent.

3. visually inspect part to paragraph 10.1.3 in the atmosphere specified in

(2} above.
4. Seal! each part individuallv in a package provided with a dessicant.

NOTE

It is recommended that tiie part remain in this
package untzl 1t is installed in the next higher

.

asserbly and that the next higher assembly be
pretaked at 85“C for at leas: 4 hours prior te
encapsulation, to insure that parts are free from

meisture.

1.8.1.2 Other Parts Post Cycling Procedure - lpon completion of cveling, the parts shall
be tested ac specified in 1.9.

1.9 SEALING
1.9.1 Fine Leak Test

Hermetically sealed electromagnetic parts shall be tested in srcordance with Metiod 112
of MIL-STD-202, test condition C, procedure III.

1.9.2 Gross Leak Test

Metal encased and encapsulated electromagnetic parts shall be immersed for 4 to 5 minutes
in a water bath maintained at a temperature of 85° f§°c. The temperature of the part shall not exceed 40°C
at the time of immersion. There stall be no continuous flow of air bubbles cr leakage ¢f cempound from the
part bodv. Af.er remcval from the bath the part shall be dried for 2 hours at 25°C and then tested as
specrfied in 1.3, 1.4, 1.5 (See Note 3, Table II, and 1.6). These tests shall be applied to the part as soon

as possible after drying and shall be completed no later than &4 hours after removal from the water bath.
2.1 SCREENING IDENTIFICATION SYMPOL

After successful completion of the screening requirements of this appendix, each electromagnetic
part shall be marked with a screening identification symbol.
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2.1.1 Level One Screening (1S)

Each eiectromagnetic part considered tec be a level one screened part (1S)(See paragraph

1.0, a) shall be marked "1S".
2.1.2 Level Two Screening (2S)

Each electromagnetic pari considered to be a level two screened part (25)(See paragraph

1.0, b and c¢) shall be raarked "2S8".
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